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A National Telephone Service 


From the Address of Mr. H. B. Thayer at the Thirty- 
Fourth Annual Convention of the National Railway 
and Utilities Commissioners, in Detroit, Michigan, 
on November 15, 1922 


, \HE telephone business is a very young business. 


The first man who ever spoke over the telephone 

was living when I received your invitation to come 
here. The first man who ever heard a spoken word over 
the telephone line is still living. Its history has not ac- 
quired the obscurity of a remote past. A large part of 
that history in this country has been the history of the 
Bell organization. 

From the very beginning a general plan has governed 
the policies of that organization which appears in its 
records and publications. Beginning in 1878 and before 
there was a telephone exchange in existence, Professor 
Bell’s vision of the future was given in a statement to 
intending investors. He said: 

“Tt is conceivable that cables of telephone wires could be 
laid underground, or suspended overhead, communicating by 
branch wires with private dwellings, country houses, shops, 
manufactories, etc., etc.—uniting them through the main cable 
with a central office where the wire could be connected as 
desired, establishing direct communication between any two 


places in the city. Such a plan as this, though impracticable at 
the present moment, will, I firmly believe, be the outcome of 
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the introduction of the telephone to the public. Not only so, 
but I believe in the future wires will unite the head offices in 
different cities, and a man in one part of the country may com- 
municate by word of mouth with another in a distant part. 

“T am aware that such ideas may appear to you Utopian 
and out of place, for we are met together for the purpose of 
discussing, not the future of the telephone, but its present. 

“Believing, however, as I do that such a scheme will be the 
ultimate result of the telephone to the public, I will impress upon 
you all the advisability of keeping this end in view, that all 
present arrangements of the telephone may be eventually 
realized in this grand system.” 


If we analyze the early contract relations of The 
American Bell Telephone Company with the operating 
telephone companies which were its licensees and with the 
Western Electric Manufacturing Company, it becomes 
very apparent that they were based upon the assumption 
that its function was intended to be to provide a national 
telephone service. The company undertook forty years 
ago in these contracts to provide not only instruments but 
also a system of inter-communication between territories 
and to perform certain general services necessarily going 
with the development and management of a national 
system. 

Again, the charter of The American Telephone and 
Telegraph Company taken out in March, 1885, shows 
that the company had in mind the establishment of a 
national service. 


“The general route of the lines of this association, in addi- 
tion to those hereinbefore described or designated, will connect 
one or more points in each and every city, town or place in 
the State of New York with one or more points in each and 
every other city, town or place in said State, and in each and 
every other of the United States, and in Canada and Mexico; 
and each and every of said cities, towns and places is to be 
connected with each and every other city, town or place in said 
States and Countries, and also by cable and other appropriate 
means with the rest of the known world, as may hereafter be- 
come necessary or desirable.” 


The purpose consistently followed through has been 
the creation of a national as distinguished from a sec- 
tional service. 
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Now let us think for a moment of how this country 
of ours differs from any other in the world. It covers 
an immense area, and but one language, comparatively 
free from dialects, is generally spoken. In government, 
it is a confederation of states, but our state boundaries 
are no barriers to commerce. There are no customs 
frontiers between the states. Contrary to the case of 
most other countries, it is the exception here when a 
man lives where his father or grandfather lived, and, I 
think, we could almost say that it is the exception when 
a man lives in the same state as the one in which his 
grandfather lived. This has been a nation of pioneers 
and colonists with the result that more than in any other 
country families are separated, so that, more than any 
other area in the world of similar size, it is one country, 
one people with far-reaching commercial and domestic 
relations. It follows that such a nation must have a 
complete telephone service covering the whole country: 
a service that has no narrower boundaries than the 
boundaries of the nation. 


A national service can exist only through an organiza- 
tion which provides for a uniform policy and coordinated 
action. Uniformity of policy and cooperation comes to 
the Bell System through contract relations and community 
of ownership. The American Telephone and Telegraph 
Company owns directly or indirectly all of the voting 
stock of 14 associated companies, 78 per cent. of 9 others, 
and 31.5 per cent. of two others. The associated com- 
panies are responsible for telephone service in 5,848 com- 
munities and operate about 9,000,000 stations out of a 
total in the country of about 14,000,000. There is no 
autocratic control of the system. Its government is more 
like that of a republic. The policies and problems are care- 
fully considered in view of the local conditions and under 
nation-wide conditions. They are discussed in common 
by those in the business having only nation-wide respon- 
sibilities and;by those having also direct local respon- 
sibilities. When the conclusions are reached, they are the 
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conclusions of the Bell System. The policies established 
become the policies of the Bell System. In operation the 
associated companies are autonomous. In the organiza- 
tion of each associated company, the plan is to centralize 
as little as possible except in the establishment of policies 
and methods—to leave in the organization of each com- 
munity the greatest amount of authority and respon- 
sibility for operation—to get the greatest economy and 
efficiency and satisfaction to the public, unhampered by 
any unnecessary reference to higher officials in the com- 
pany. 

A national telephone system could not be embraced in 
one corporation on account of the wide variation in cor- 
poration laws in different states. That being the case, in 
structure it is necessarily an organization of corporations, 
one of them exercising certain general functions for the 
benefit of the others. 

Its history proves that in the operation of this organi- 
zation, all other considerations have been subordinated to 
the development and improvement of its public service. 
Its program has been one of attempted foresight and 
anticipation of public requirements extending through all 
of the necessary steps—construction and maintenance of a 
sound financial structure the first essential to service, 
continual study of the future as to requirements and 
possibilities of meeting them, construction of adequate 
plant, and the maintenance of an adequate personnel. 

The road by which the Bell System has progressed 
has not been like a city street where the traveller could 
find on either side supplies suited to all his requirements. 
The journey has been more like blazing a trail through the 
wilderness. You will recall that when the telephone was 
new, the commercial and domestic uses of electricity 
were limited to the simplest form of the telegraph and 
electric bells. Every telegraph operator knew as much 
about useful applications of electricity as the college 
professor. 
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Let me give you a picture of the conditions by reading 
to you extracts from the recommendation for the building 
of the first commercial long distance line: 


“May 12, 1885. 


“The successful operation of the experimental circuit between 
New York and Boston has demonstrated that the telephone is a 
practical instrument for transmitting messages over long dis- 
tances. * * * 

“There are, however, a number of mechanical, electrical and 
financial problems still to be solved before that success can be 
achieved. * * * 

“Highway lines of the size and character required for this 
work have never before been attempted. * * * 

“The telephone seems to require a non-magnetic material in 
the line. Copper is the only available metal, and its use * * * 
is still experimental. The results, so far, are highly satisfactory, 
but only time and experience will determine its lasting qualities 
and the best methods for its manufacture and use. 

“We know that a one-metallic circuit can be operated between 
New York and Boston, but we do not know that additional 
parallel circuits can be successfully worked; we have reason to 
fear that they cannot be if constructed in the ordinary way. 

“To run a number of circuits between and into large cities 
involves the use of both aerial, underground and submarine 
cables to a very large extent. There seems to be a wide diversity 
in the opinions of electricians and manufacturers both as to the 
practicability of working through long cables and as to the size 
of conductors, nature and thickness of insulation, etc., which 
will secure the best attainable results. * * * 


“The switchboards now in use are all planned for single- 
grounded curcuits, and it will be necessary to arrange special 
apparatus for our circuits. 


“Tt will be for many reasons desirable to introduce at the 
outset of our long distance business, a transmitter adapted in 
qualities and form to the requirements of this service, and to 
know as definitely as possible what kind and amount of battery 
will give the best results. * * *” 


Problems were so far solved as to make possible the 
building and opening of the first commercia] line which 
was built from New York to Philadelphia. Problems 
were subsequently solved which made it possible to carry 
a line from New York to Boston and then one to Chicago 
and then to carry it on to Denver and then to the 
Pacific coast. 


[5] 











Bell Telephone Quarterly 





After the sleet storms of last winter telephone conver- 
sation was carried on between Boston and Pittsburgh 
through cables. It was only by the solution years before 
of very difficult problems that that was made possible. 


By the growth of cities and the increase in the use of 
the telephone the number of stations within the limits of 
a single city has mounted in several cases to over a 
hundred thousand and in one case to over a million, and 
the number of central offices within a city to over one 
hundred. Under one roof as many as 20,000 lines are 
switched. Some central offices are now planned for more 
than double that number. The accomplishment of these 
results with a continually improving service has presented 
problems. 


As other lines of electrical work developed—electric 
light and power and heating, transportation—it has often 
happened when our people have come to a decision as to 
a necessary improvement in our art, that we have found 
that in one of the other arts or in a college laboratory 
or in the telephone business not controlled by us, inven- 
tions have been made and patents have been taken out, 
of which some claims might be interpreted in a way to 
interfere with our future progress, or covering inventions 
which might be of value in operation. We have under- 
taken to provide a free path for the development of the 
business, and that has involved the expenditure of 
millions in the acquisition of patent rights or licenses 
from others, in addition to the millions that we have had 
to expend ourselves on development, research and ex- 
periment. 


It was in line with that same policy of providing a 
free path in which progress would be unhampered that 
in the early days we made the manufacturing arrange- 
ment with the Western Electric Company. In other 
public services the manufacturers make what they think 
is needed, and they control the patents upon their output. 
The Western Electric Company makes what we know that 
we need, and we control the patents. 
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As I have said before, we have gone beyond the point 
of having a purpose to establish a national service. There 
is a national service. Its maintenance is a responsibility— 
yours and ours. The responsibility upon us covers exten- 
sions into fields wherever population develops. It does 
not involve, to my mind, extension of direct operation by 
us into the fields now served by others, nor does such 
extension seem to me to be desirable except when greater 
efficiency or economy or better service point clearly to 
such a move. It does involve connection with the com- 
panies serving such fields. There are 9,290 connecting 
companies. In a few of these the Associated Companies 
have a direct financial interest. In the most of them they 
do not. The relation between the associated companies 
and the connecting companies is mutually helpful, and 
the tendency is all in the direction of standardization on 
the things which make for good service. They are a very 
important part of the national service, serving over 
4,500,000 stations. 

In a few localities two companies are attempting to 
serve the same community. That means that neither 
serves it wholly. It must mean either partial service or 
two charges for the telephone users in that community. 
The public and you, gentlemen of the commissions, have 
repeatedly indicated your belief that such a condition is 
economically unsound and against the public interest. 
Whenever the desire of the public that such a condition 
shall be eliminated shall be expressed through you, the 
public’s representatives, we shall feel under an obligation 
to do our part with your approval, in endeavoring to 
remedy that condition. 

The policy of the system is very simple. The fact that 
we are the servant of the public is fundamental. We must 
satisfy and please our master. All of our efforts must be 
directed toward what will produce that result. We mu 
give good service. The only test we can apply to an) 
practice or project under consideration is to resolve the 
question as to whether it is for the betterment of the 
service. We believe that the public wants the best service 
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that we can give, that it is satisfied to pay a fair price for 
good service and does not want, in the settled communi- 
ties, anything less than a dependable service at any 
price. 

From the fact that the sender of a telephone message 
is himself waiting when there is a delay in furnishing 
service—that he is therefore personally experiencing an 
inconvenience—he is more critical of bad telephone service 
than of any other bad service, or putting it conversely, the 
public expects a higher standard of service from the tele- 
phone company than from anyone else, and it is important 
that it should be better than any other service because it is 
the public’s reliance more than any other in times of com- 
mercial or domestic emergency. 

To give that kind of service we must pay wages which 
will attract and hold a picked lot of people, and we must 
stimulate in them an enthusiasm for the business. They 
must know what we are trying to do and be in sympathy 
with it. We consider it as much a part of our work to 
foster a spirit of service among the people in our business 
as it is to furnish poles and wire. 

There is no organization for giving telephone service 
elsewhere which very closely resembles the one I have 
been describing. It is a purely American institution. 
Before we attempt to decide whether it is a good institu- 
tion or the best for its purpose, let us see what it has 
accomplished. There is a development of one telephone 
to every eight persons in this country, so distributed and 
inter-connected that a telephone is practically within reach 
of every human habitation or place of business in the 
country for communication with any other, every hour 
of every day and night. Nowhere else does such a con- 
dition exist. Europe has over four times the population 
of the United States; it has less than half the number of 
telephones. Great Britain has fewer telephones than 
Greater New York. Germany has only three telephones 
per 100 inhabitants. France has about one per 100, hav- 
ing less telephones than the state of Michigan, though 
having 10 times the population. Detroit has more 
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telephones than Brussels, Liverpool, Budapest, Rome, 
Amsterdam and Marseilles combined, with about one- 
fifth of the population. Except in the more important 
places in foreign countries, the telephone service is not 
a twenty-four-hour service. In Switzerland, in some ways 
an example of the best service in Europe, on week days 
96 per cent. of the telephone exchanges are closed at 8:30 
P. M.; 23 per cent. are open from 7:45 A. M. until 12:15, 
then close an hour and three-quarters, open again until 
6 P. M., close an hour and a half, and finally open at 
7:30 P. M. for half an hour, when the shutters are put up 
for the night, while on Sunday and holidays the service is 
even more restricted. The difficulties of telephone service 
increase in more than direct ratio with the development. 
There is no public which exacts as high a standard of 
service as the American public. I believe that my state- 
ment will be unquestioned, that the difficulties in the way 
of giving a satisfactory telephone service are for the 
above reasons greater by far in this country than any- 
where else. Yet I am confident that nowhere else is the 
public so near to satisfaction with its telephone as here. 

With the potentiality for connection with a continu- 
ally increasing percentage of a continually increasing 
population, the value of service has continually increased. 

If we take the present value of the dollar, measuring 
it by what it will purchase at the present average whole- 
sale price of commodities, the average charge for tele- 
phone service is more than 10 per cent. lower than in 1914, 
although using that same present value of the dollar we 
pay over 15 per cent. higher wages than we did then, 
so that I am justified in saying that although we are 
paying more for material and more for labor, we are 
giving more value in service, for less real money, now 
than before the war. 

Since the beginning of this Century, the population of 
this country has increased 45 per cent. The investment 
in railroad plant and equipment has increased 135 per 
cent. During that period we have been obliged to in- 
crease the investment of the Bell telephone plant 960 
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per cent. to take care of an increase in the number of 
telephones of 1240 per cent. 

The purpose, methods and policies I have described 
have produced the best service, the greatest development 
and the best satisfied public in the world. That is not 
my opinion alone. It is the general opinion here and 
abroad. I assume that it is your opinion. Now then, 
when we consider any change, we must have it in mind 
that it is a change from what has produced the best known 
result in its line of work. We do not rest on that result. 
We are looking for something better than the best. But 
if we, all of us, you of the regulation and we of the man- 
agement, should abandon or displace proven methods for 
visions, we could not escape a very definite responsibility 
to the nation. 

There is a strictly community service furnished by the 
telephone, and a state service, and an inter-state service. 
The same terminal stations used in the community ser- 
vice are used or usable in the state and inter-state ser- 
vices; other parts of the plant and the service of per- 
sonnel used in the community service are used or usable 
in state and inter-state service. 

When it comes to the regulation of charges, it is some- 
times by communities, sometimes by states and sometimes 
by the Inter-state Commerce Commission, according to 
the laws of the states and of the nation as they exist. 

Except with reference to inter-state toll rates, the reg- 
ulation is under state laws and generally by state com- 
missions, so that you, gentlemen of the state commis- 
sions, are confronted with the problem of considering 
the value to your constituents of development outside 
your states, and the cost of service to your public, part of 
which service is rendered beyond your jurisdiction and, 
furthermore, some of the companies serving you perform 
some of their functions outside the state and have other 
functions performed for them by another company out- 
side your jurisdiction. These difficulties come out of the 
fact that your jurisdiction is necessarily limited to your 
states, while telephone service cannot be limited by state 
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boundaries. They introduce into the expenditures of 
these companies, subject to your regulation, certain gen- 
eral charges covering necessary services of great value, 
but of such a nature that precise values cannot be easily 
ascertained, so that the charges can be verified only as 
less than value received. 

While you are circumscribed to a state point of view, 
if in arriving at your conclusions, you think it advisable 
to study the financial results of the national system, it is 
possible for you to do so. Sworn statements of each com- 
pany forming a part of the national operating organiza- 
tion, including The American Telephone and Telegraph 
Company, are matters of public record filed with the 
states and with the Inter-state Commerce Commission, 
and a compilation of those statements, eliminating only 
inter-company transactions so as to present the operations 
of the organization as a whole, is presented annually in 
the report of The American Telephone and Telegraph 
Company. 

The license contract between The American Tele- 
phone and Telegraph Company and the associated com- 
panies was intended to afford, and has afforded, the basis 
absolutely essential to a national telephone system. Aside 
from all questions of economy and efficiency, a national 
universal service could not be provided at all by a large 
number of uncoordinated local units. As a part of its 
plan, the contract provides in general terms for such ser- 
vices to the associated companies as can be most eco- 
nomically and efficiently rendered by one central agency. 
It includes the obligation on the part of the American 
Company to construct, operate and extend the long dis- 
tance lines connecting the various companies into an har- 
monious national operating unit. 

The purpose of this contract is to provide a national 
universal service which shall be as efficient and economi- 
cal and of as high standard as is attainable. It provides 
that all services essential to that end shall be rendered 
to the associated companies for a compensation adjusted 
upon an equitable basis. 
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The license contract is usually between two com- 
panies in which there is a community of interest, although 
when the contracts were originally made this was not 
true, the parties then being entirely independent of each 
other and dealing at arm’s length. The present relations 
between the companies suggest that you closely scrutinize 
these contracts. The American Telephone and Telegraph 
Company does not object to such scrutiny; on the con- 
trary, it is constantly inviting it. Contracts made 
between corporations subject to a common control are 
not illegal. If close scrutiny develops the fact that they 
are fair, they must be accepted. It is only where such 
scrutiny shows them to be so unfair as to demonstrate 
an abuse of the relations between the parties to the mate- 
rial injury of one of them that the injured party may com- 
plain. Concretely, whether any license contract of the 
Bell System is unfair to the licensee or whether its effect 
is to work serious injury to the licensee, is a legitimate 
matter of inquiry, but the inquiry is as to the effect of 
the contract upon the licensee, not as to its effect upon 
the American Company; and if such inquiry develops 
that the contract is beneficial to the licensee, that the 
benefits received by the licensee under it not only exceed 
the payments which it makes but are to be evaluated at 
many times the amount of such payments, then the con- 
tract stands upon the same basis as any other contract. 

Of whatever the Bell System has accomplished in the 
way of realization of its ideal of a national service or in 
the way of improvements in the service or economies in 
the service, the public is the beneficiary. The license 
contract arrangement which has made this all possible 
has passed the essential test. It has been of far greater 
value to the public than what the public has paid on 
account of it. 

The better case a man has, the more it is to his interest 
that the one passing upon the merits of his case should be 
well informed as to his case. Obviously, a commission 
keeping in close touch with the operations and results of 
operations of a public service will be better informed than 
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any agency which only occasionally attempts to inform 
itself on the occasions when a change in the charges to 
the public is to be considered. That is why we have con- 
sistently advocated regulation by commissions. In 1913 
Mr. Vail made this statement: 


“We believe in and were the first to advocate state or govern- 
ment control and regulation of public utilities; that this control 
or regulation should be by permanent quasi-judicial bodies, 
acting after thorough investigation and governed by the equities 
of each case; and that this control or regulation, beyond req 
the greatest efficiency and economy, should not interfere with 
management or operation. We believe that these bodies, if 
they are to be permanent, effective and of public benefit, should 
be thoroughly representative; they should be of such character 
and should so conduct their investigations and deliberations as 
to command such respect from both the public and the corpora- 
tions that both will without question accept their conclusions.” 


We believe that the best results for the service and, 
therefore, for the public will be attained by a relation 
of confidence and cooperation between the commissions 
and ourselves. We intend to deserve the confidence of 
the commissions by the utmost frankness and straight- 
forwardness in our dealings with them, and we hope for 
a time when the commissions will be kept so well informed 
continually as to our operations and results and problems 
and necessities that the great expense of occasional inves- 
tigations may be saved. We are making systematic efforts 
to widen the ownership in the Bell System because people 
will inform themselves and their neighbors about the 
operations of an institution in which they are partners, 
and we welcome every opportunity to increase the knowl- 
edge of our operations among telephone users. No in- 
stitution is more publicly owned. Its plant has been built 
out of savings of the people. It is being extended out of 
such savings. It is the people’s institution more than 
any other. 

From the character of its ownership and because a 
large proportion of the people of this country depend upon 
the Bell System for their telephone service, its manage- 
ment and operation is a trust and obligation to the public 
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which must be fulfilled to the satisfaction of the public. 
It will not be completely fulfilled until rates are low enough 
to impel everyone to have a telephone in his own residence 
or office who ought to have one for his own convenience or 
the convenience of the country. Consistent with this 
belief, I feel safe in saying that the desirability of lower 
rates is more in our minds than in the minds of the public 
and at least as much as in the minds of the commissioners. 

The value of the service to the large user is so much in 
excess of its cost and so much increased by a wider exten- 
sion of the service, that I am firmly of the opinion that 
whenever a reduction is possible it should be in the charges 
to the small user. It seems proper to me that commissions 
should take value into consideration in the making of rate 
schedules and I think that they should take it into con- 
sideration in comparing costs of service. 

The interest of the public and our interest are identical 
in the direction of greatest value which includes greatest 
extension of the service at fair rates. Sound, efficient and 
economical regulation involves, therefore, cooperation 
between the commissions and our companies to produce 
that result. It involves, when the time comes for a change 
of rates, a study between them as to what increase or 
decrease in revenue is indicated, followed by another study 
on rates with a view to effecting the necessary change in 
such a way as to make the service available to the great- 
est number. 

I can imagine a commission, in fulfilling its obligations, 
calling to account a company not sufficiently alert as to 
its conditions and instructing it that its rates must be 
increased so that its service to the public may not be in 
danger. There have been cases where that kind of 
caution was necessary. 

Commission regulation, on the whole, has been satis- 
factory. We have intended to present our views to them 
fairly, completely and in a straightforward way. We 
haven’t always reached our standards. Commissions as 
a rule have manifestly intended to be judicial and fair. 
Occasionally they have temporized. They have during the 
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past three or four years passed through a very difficult 
period in which, in order to maintain service of the 
utilities, rate changes have been advances and not de- 
creases. 

Since the beginning of the war our cost of labor per 
station per annum has increased over 100 per cent.; main- 
tenance material over 40 per cent.; taxes over 106 per 
cent.; The Bell System is being taxed now at the rate of 
over $40,000,000 per year. It will be a long time, if ever, 
before these increases in cost fade away. Other expenses, 
including management, four and a half per cent. payments, 
depreciation, etc., in that same period have increased 
between two and a half per cent. and three per cent. 

Since the termination of the period of federal control, 
the associated companies of the Bell System have been 
before state commissions and other regulatory bodies in 
205 separate proceedings, some of them involving the 
change in a rate in a single city, some of them involving 
changes in rates in practically all the cities of a state. 
The decisions of the commissions have been accepted in 
all but 20 cases, although in some of those cases accepted 
it has been felt by the companies that they were not 
getting all to which they were either legally or fairly 
entitled. If there seemed even a possibility of going on 
without detriment to the maintenance and extension of 
the service they accepted the decisions. When we have 
appealed from the commissions to the courts it has been 
with reluctance and because we believed it our duty in 
order to preserve and extend the service. In the 20 
cases which have been taken into the courts, decisions 
have been rendered in 11. In all but one of the 11 our 
contentions have been upheld. 

Take the Bell System as a whole; it has an investment 
of about two billions of dollars, between two and three 
hundred thousand employees—serves about nine millions 
of customers directly and is responsible for returns to 
four or five hundred thousand stock and security holders. 
That puts it among the large business enterprises of the 
world. I do not mention this as a glorification, but only 
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to call attention to this advantage to the public in dealing 
with such an institution. We are about as conspicuous 
as a pyramid in a desert. We cannot afford at the risk 
of losing any part of public approval to vary a hair from 
the course toward the objective which we are convinced 
is the only objective which the public will finally approve. 
And that is the best and broadest service which can be 
given at fair rates. We must have its approval all along 
the course which means that none of our methods of 
operation or of our rules of conduct must fall below the 
highest standards. 

I have been talking about the Bell System of today, 
but we are all looking forward to the task of tomorrow, 
and if we are to meet our increasing obligations, we must 
have the confidence and cooperation of the public and 
of you, its representatives. 

We are studying the probable telephone requirements 
for the next five, ten and fifteen years; we are considering 
the new capital that will be required to meet the demanded 
growth; we have men studying the innumerable inventions 
and technical improvements without which we could not 
reach our objective. We have to think in big figures,— 
big figures for labor, material and financial resources, for 
if we did not, we would be overwhelmed by the increas- 
ing public demands. 

If we can make you see our objective as we see it, 
if we can make the picture of the future live in your 
minds as it does in ours, I am confident that you will see 
it as an objective of far-reaching national importance, 
which commands the utmost seriousness on your part, 
and on our part, and that from that seriousness should 
come such cooperation as will bring the results which 
the country demands. 

H. B. THAYER. 


Nore: Mr. Frank Gill, President of the British 
Institute of Electrical Engineers, in his recent inaugural 
address, gave a comprehensive review of the progress of 
telephony and explained at some length the effect of 
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recent developments upon long distance communica- 
tion. Of particular interest in connection with the 
address of Mr. Thayer is the editorial comment of the 
Electrical Review of London, which, after a synopsis of 
some of Mr. Gill’s technical statements as to loading 
coils, telephone repeaters and “carrier” channels, con- 
tinues as follows: 


ee 


“But all these refinements are subject to one essential con- 
dition—that the lines to which they are applied shall be suitable 
in all respects and at all times for the application of the repeat- 
ing and multiplying devices above mentioned; and that involves 
as an imperative necessity unity of control. This, in fact, is the 
keynote of Mr. Gill’s address. After explaining how the in- 
dispensable unity of control obtains in the United States, in 
spite of the existence of 10,000 telephone companies, he shows 
that in Europe the conditions are at present fundamentally 
different—the very antithesis of unity. Nevertheless facility 
of intercommunication between town and town throughout the 
European area is of immense importance. No fewer than 
4,000,000 long-distance calls are originated at New York per 
annum; the United States has found the telephone indispensa- 
ble to the speedy transaction of commercial affairs—and Mr. 
Gill asks: Why should not Europe share that convenience? 

“Thus he arrives at the climax of his thesis—the astounding 
proposition that Europe should, in effect, be treated as one 
country for telephonic purposes; that either a single company 
should handle all the long-distance traffic, or the various Gov- 
ernments should form a Commission for the same purpose. 
He is even ready to submit a plan for the consideration of the 
authorities concerned, by which the desired result could be 
brought about.” 
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Engineering the Long Lines 


NE of the obligations of the American Telephone 
and Telegraph Company is to provide the neces- 
sary plant and handle the telephone service con- 

necting the territories of the licensee companies. In 
the organization of the Bell System this plant is provided 
and this service is handled by the Long Lines Depart- 
ment of the American Telephone and Telegraph Com- 
pany. Since the first construction plans were made and 
the first pole was set in 1885 as the start of a line between 
New York and Philadelphia, the engineering plans have 
been under a uniform policy and along lines consistent 
with the terms of the various license contracts. Plans 
for many years in the future have been worked out along 
these same lines. 

The purpose of this article is to outline a few of the 
engineering features involved in the plans for the con- 
struction of the present plant, and proposed extensions. 
While some of the engineering features described have a 
particular application to the Long Lines plant, others 
are also being extensively applied in other parts of the 
Bell System and elsewhere. 

The book investment in Long Lines plant and equip- 
ment now exceeds $100,000,000, and is rapidly increasing. 
Estimates indicate that within the next five year period 
the investment will approximate $150,000,000. Some 
facilities are obtained on a rental basis, as, for example, 
space in buildings. Over 500,000 miles of telephone 
circuits are in service, and nearly 100,000 messages are 
being handled each business day. The growth in tele- 
phone traffic for the past twenty year period is indicated 
in a general way by the curve in Figure 1. The average 
increase for each year over the preceding year throughout 
this period has been ten per cent. As is well known, the 
length of haul has steadily increased and is still increasing, 
so that in considering this development of long distance 
service it is necessary to take into account both the 
number of messages and distances involved. 
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The above 
facts are men- 
tioned here, simply 
to illustrate in a 
general way the 
type of engineer- 
ing problems in- 
volved and the 
fact that with the 
service require- 
ments constantly 
increasing there is 
a corresponding in- 
crease in problems 
to be solved. Es- 
sentially, these 
constitute the 
problem of inter- 
connecting cities 
and territories, as 
might be illus- 
trated in a general 
way by reference 
to such systems as 
trunk line rail- 
roads, steamship 
lines or national 
highways. How- 
ever, some funda- 
mental differences 
exist in that a 
complete national 
telephone _ service 
involves the direct 
connection of the 
trunk line  tele- 
phone’ plant to the 
plant provided for 
local service, thus 
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making available to the users of the service a complete 
line for direct communication from subscriber’s station 
to subscriber’s station. All plans must be made with this 
purpose in mind. 


PoLe LINES 


In the Long Lines plant there are now more than one 
and one-quarter million poles used for supporting wire 
or cables. Three kinds of timber are now used for new 
work. These are creosoted pine, chestnut and cedar, 
the choice depending on which is the most economical 
after considering all factors involved in a specific job. 
In general, chestnut and cedar poles, up to the present 
time, have been used untreated, but the present practice 
is to use butt-treated poles, and the use of untreated 
timber is the exception. It has been found that this 
practice is justified in this type of plant from the stand- 
points of cost and service results. 

As a part of the constant endeavor to furnish the best 
possible service, the pole lines are maintained at high 
standards of strength. A detailed inspection in 1922 of 
every tenth pole in New York, in connection with an 
appraisal, showed that the average physical condition of 
the pole lines in that state was about eighty per cent. 
To maintain these standards, inspections are made at 
frequent intervals, usually every three years, and any 
necessary work is done to bring the condition of the lines 
up to the requirements of the standard specifications. 


While many sizes and lengths of poles are used, we 
find most of the lines carrying aerial wires built with 
Class A, B or C poles, 25, 30 or 35 feet in length and 
spaced at 130-foot intervals. Fir or creosoted pine cross- 
arms ten feet long and equipped with locust pins for ten 
wires are used in most sections, and the crossarms are 
normally spaced two feet apart. This general type of 
plant is familiar to many telephone people, and it is 
frequently possible to identify these long distance lines 
by their uniform and characteristic construction. 
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AERIAL WIRE 


For telephone purposes, hard-drawn copper wire is 
used exclusively. On some of the older lines one No. 6 
B.W.G. iron wire was strung and supported on pins and 
insulators attached directly to the pole tops and used for 
telegraph purposes. As this iron wire has deteriorated 
to the point requiring replacement in various sections, 
it has generally been dismantled. 

The copper wires are of two sizes—No. 8 Birmingham 
wire gauge, weighing 435 pounds per wire mile, and No. 
12 New British standard gauge weighing 173 pounds per 
wire mile. It is interesting to note that no change in 
the practice originally established for the Long Lines 
Department with respect to sizes of hard-drawn copper 
wire for aerial line construction has been found necessary 
or advisable, although the matter has been considered at 
various times. However, the gauge most frequently used 
in this country for copper wire is the American wire gauge. 

It is also an interesting fact that the original wire 
can still be utilized although many changes have been 
made in the types of service handled over the wires 
since they were installed and many re-arrangements of 
them have been necessary, as for example, changes in 
types of transposition systems to obtain better results 
or phantom circuits, loading coils of one type installed on 
circuits to be replaced later with coils of another type and 
still later removed entirely. Under favorable conditions 
the life of copper wire is very great, and no appreciable 
deterioration can be detected in most of the wire. There- 
fore, the average life is determined principally by the 
effects of storms, which cause severe damage in. some 
sections nearly every year, deterioration due to unusual 
conditions, such as the presence of gas or fumes from 
chemicals, and removal for right of way reasons or on 
account of paralleling cables making the continued use of 
some of the aerial wire no longer economical. 

As far as practicable, the wire is transposed for 
phantom operation—the total aerial wire mileage being 
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over 525,000 miles, of which over 85 per cent is arranged 
for phantom operation. Loading coils are used exten- 
sively on aerial wire circuits to reduce transmission losses, 
and while they continue to be installed in those cases 
where necessary reductions in transmission losses can 
thus be most economically and satisfactorily obtained, 
they are also being removed from some aerial wire cir- 
cuits to make them available for carrier current operation, 
and to obtain transmission of a better quality than can 
be furnished with loaded aerial wire circuits of the present 
standard type. For example, loading coils have been 
removed from the transcontinental group of circuits and 
from many circuits in the sections between New York, 
Chicago and St. Louis. The New York-Havana circuits 
have no loading coils connected to the aerial sections. 


CABLES 


The familiar types of aerial wire lines which have been 
used so extensively in the past are today the most effi- 
cient and economical types of construction for many 
conditions, and large amounts of wire are installed each 
year. However, in certain sections of the country and 
along certain routes the requirements for circuits are 
such that it is difficult to provide a sufficient number of 
pole lines at a reasonable cost, and for these sections 
cable has been used extensively. The cable type of 
plant has many important advantages as compared to 
aerial wire for many circuits in such sections, some of 
these being lower annual cost, greater reliability of 
service and greater flexibility. 

The transmission problem involved in the design of 
long distance circuits in cables is more complicated than 
for the case of circuits made up of aerial wire, and the 
necessary equipment, such as telephone repeaters and 
other apparatus associated with such cable circuits is 
very much more extensive. 

As is generally known, long underground cables have 
been in operation for a number of years, between Boston 
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and Washington, Chicago and Milwaukee, and in other 
sections. The older cables in such sections contain con- 
ductors varying from No. 16 A.W.G. to No. 10 A.W.G., 
and a full size cable of this type only provides about one 
hundred circuits. As estimates of traffic indicated that 
several cables would be required along these routes within 
a reasonable period of years, and as many of the sections 
traversed were well built up, it was found desirable to 
construct subways and place the cables entirely under- 
ground. 

The development of telephone repeaters made it 
possible to use conductors of a smaller gauge, so that in 
long toll cables now being installed, the majority of the 
conductors are No. 19 A.W.G. with some No. 16 A.W.G. 
conductors, the latter being intended for use in relatively 
short circuits, while it is expected to use No. 19 gauge 
conductors in four-wire circuit combinations for distances 
up to at least one thousand miles. This type of cable 
provides 250 to 300 telephone circuits, if needed, and a 
smaller number of cables will be required along any one 
route than would be the case if it were still necessary to 
use the older types of cable. 

This, in turn, makes it more economical in many 
sections to employ aerial construction except through 
built up areas, and aerial cable supported on poles 25 
feet in length, is being generally used for the New York- 
Chicago cable. The section of this cable from New York 
to New Castle, Penna. is installed. Work on extensions 
is going on and it is expected that the cable will be in 
service, as far west as Cleveland, by July 1, 1923. It is 
proposed to complete the Chicago-South Bend section 
early in 1924, and this probably will be followed by the 
Cleveland-Toledo and Toledo-South Bend sections in 
order. It is probable, therefore, that the New York- 
Chicago cable will be completed throughout the entire 
distance about 1926. 

As the different sections of toll cable are placed in 
service some open wire is dismantled immediately, and 
additional wire is to be dismantled later on. This dis- 
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mantling lightens the load on the pole lines, which, in turn, 
reduces the liability of storm damage, and greatly reduces 
the maintenance cost. It is necessary, in general, to con- 
struct new pole lines for these cables, and every effort is 
made to obtain permanent locations and rights of way. 
While permanent rights of way are important for all toll 
lines, they are even more necessary for long toll cables as 
future relocations must be kept at a minimum to economi- 
cally maintain uniform loading coil spacing. The loading 
coils are spaced very accurately at regular intervals of 
about 6000 feet and the successful operation of the many 
telephone repeaters that it is necessary to use on these 
cable circuits is largely dependent on the continuous main- 
tenance of this accurate spacing. 


TELEPHONE REPEATERS 


Many telephone repeaters are used in connection with 
aerial wire circuits, but a much larger number are used 
on cable circuits. Repeaters are located at different 
intervals on a circuit, depending upon the kind of facil- 
ities involved. For example, on non-loaded No. 8 B.W.G. 
circuits, repeaters are located at about 250 mile intervals, 
while on No. 19 gauge two-wire cable circuits they are 
located at intervals of about 50 miles. To provide the 
repeater stations along the toll cable routes many new 
buildings are needed. About 2500 telephone repeaters 
of all kinds are now in service in the plant of the Long 
Lines Department. 

The use of telephone repeaters has introduced entirely 
new features in toll circuit design work. In a circuit 
without telephone repeaters, energy is introduced on the 
circuit at one point, the transmitting end, and a part of 
the same energy is received at the other end of the cir- 
cuit. Where intermediate telephone repeaters are used 
the energy originating at a transmitter operates the first 
repeater it meets in its travel along the circuit. From 
the output side of this repeater there is delivered new 
energy to be sent on its way along the circuit until the 
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next repeater is met, where the operation just described 
is repeated, until finally the energy from the output side 
of the last repeater is sent on its way to the receiver at 
the terminal of the circuit. 

In a circuit using intermediate telephone repeaters, 
and some circuits have as many as eight repeaters oper- 
ated in tandem, it is necessary that they be properly 
spaced, taking into consideration both the available 
repeater station locations and the electrical character- 
istics of the circuit facilities. The energy levels at each 
repeater must be carefully predetermined, as it is im- 
portant that the energy delivered to and by each be kept 
within proper limits; that is, too much energy must not 
be sent out from one repeater or it will cause ‘cross talk” 
in adjacent circuits, and, on the other hand, the energy 
must not be allowed to drop off so far that its magnitude 
at the input of a repeater is only about the same as that 
of the noise which happens to exist on the circuit, as this 
condition will result in the noise being amplified to an 
objectionable degree along with the amplification of the 
speech currents. 

The matter of proper arrangement of repeaters in a 
single circuit as described above is only one of the im- 
portant features which must be taken into consideration 
in the design of a network of long distance circuits, but 
it serves to illustrate that the problem is very decidedly 
one of considering each circuit and also groups of circuits 
as a whole at the time the design work is done, and similar 
centralized control is of equal or greater importance in 
the every day maintenance and operation, if satisfactory 
service is to be secured. 


TELEGRAPH 


Plant of the type provided by the Long Lines Depart- 
ment for the handling of long distance telephone service is 
utilized to furnish certain classes of telegraph service using 
simultaneously the same wires that are required for tele- 
phone purposes. Rapid as has been the growth of long 
distance telephone service, no less rapid has been the 
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development of this telegraph service. There are now 
525,000 miles of telegraph circuits in operation, and 
service under special contracts is furnished to banks, 
brokers, press associations, packers and other commer- 
cial organizations. These telegraph circuits are also 
used in the operation and maintenance of the plant and 
for handling official telegraph business. 

Morse’s original telegraph used two wires and was 
only capable of transmitting in one direction at a time. 
This transmission was slow and the incoming signals 
were recorded in dots and dashes by a tape recorder. 
Contrasted with this we may have today one pair of 
copper wires carrying simultaneously one and one-half 
telephone circuits, two telegraph circuits of the more com- 
mon direct current type using ground return and as many 
as ten carrier current telegraph circuits. Furthermore, 
each of these twelve telegraph circuits may be operated 
in both directions simultaneously by the ordinary duplex 
telegraph methods and if desired, by the use of printing 
telegraph apparatus, each may be made to print from one 
to four messages in each direction. A complete arrange- 
ment of this latter type is not now in regular use, but in 
many cases a single pair of wires is carrying one and one- 
half telephone and twelve telegraph circuits. Printing 
telegraph apparatus is operated on a part of the telegraph 
circuits but most circuits are manually operated. The 
quadruplex system has not been found practicable for 
use in the Long Line plant. 

Telegraph service was first furnished by the Long 
Lines Department on wires used for telegraph only. This 
was followed in turn by the simplex system, which 
furnished one telephone and one telegraph circuit simul- 
taneously, the composite system which added a second 
telegraph circuit for each pair of wires, and finally by the 
carrier current system, which has brought the number of 
telegraph circuits per pair of wires, where suitable con- 
ditions exist, up to a practicable total of twelve. 

As the telegraph systems now in use on the open wire 
lines are not suitable for use on long, small gauge, loaded, 
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cable circuits, the recent extensive installation of this 
type of plant by the Long Lines Department has made 
desirable the use of still another telegraph system. This 
newly developed system is operated on the “metallic” 
basis, furnishing but one telegraph circuit per pair of 
wires, but these wires may also be used for telephone 
purposes. It is thought, however, that ample telegraph 
facilities will be available in the toll cables to meet all 
requirements along these routes for a long period, or until 
additional cables are needed for telephone purposes. 
Each of these circuits may be operated in both directions 
at the same time without interference to the telephone 
circuit carried on the same wires. 


CARRIER CURRENT SYSTEMS 


A recently developed system of telephony and teleg- 
raphy known as the “carrier current” system makes 
possible the provision of additional circuit facilities on 
certain classes of the existing wire plant. The operation 
of this system depends upon the use of comparatively 
high frequency alternating currents which can be trans- 
mitted over suitable circuits simultaneously with the 
more commonly used low frequency telephone and tele- 
graph currents. Additional telephone or telegraph cir- 
cuits as may be desired are thus obtained without detract- 
ing from the usefulness of the circuit for carrying at the 
same time what was formerly its regular load of tele- 
phone and telegraph business. 

The Long Lines Department is making extensive use 
of this new system to provide additional facilities in sec- 
tions where suitable plant is available for “carrier cur- 
rent”? operation. The first carrier current telephone 
system to be placed in commercial service in this country 
provided four additional telephone circuits between 
Pittsburgh and Baltimore in 1918. From Baltimore the 
circuits were extended to Washington through the cables. 
Since that time four additional systems have been 
installed, furnishing a total of 8500 miles of telephone 
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circuits. Plans have been completed for extensions 
which will greatly increase this figure in the near future. 

The first installation of carrier current telegraph 
equipment for commercial service was placed in operation 
between Harrisburg and Chicago early in 1920, provid- 
ing ten Harrisburg-Chicago telegraph circuits which were 
extended from Harrisburg to New York on other avail- 
able facilities. There are now in operation in the Long 
Lines Department a total of twelve carrier current tele- 
graph systems providing 62,000 miles of telegraph cir- 
cuits. These figures include telegraph facilities provided 
by the carrier current system from Harrisburg, Penna. 
westward along the transcontinental route. 


EQUIPMENT 


Switchboards, testboards and morseboards as well as 
many other kinds of equipment are used in the Long 
Lines plant. The switchboards are in general, standard 
toll sections equipped with such apparatus and circuits 
as the requirements of a particular office may determine. 
The testboards are designed to provide a common center 
for line and switchboard circuits and circuits connecting 
together such items of equipment as phantom sets, 
composite sets and composite ringers. Facilities are 
provided for quickly making layout changes in case of 
trouble and for locating such troubles as occur. The 
morseboards are designed to serve as terminals of tele- 
graph operating equipment such as duplex sets, tele- 
graph repeaters or carrier current telegraph channels, and 
also as a common center for telegraph circuits and loops 
to subscribers’ offices. Equipment is provided to facil- 
itate regular operation and rearrangements. 


ORGANIZATION 


The Long Lines Department is organized on a func- 
tional basis and the engineering work is assigned in about 
the same way as in other associated companies. The 
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Long Lines Engineering Department, which corresponds 
to the engineering department of an associated com- 
pany, is located in New York City, and commercial 
engineering and traffic engineering are done by forces 
which are a part of the organizations of those two depart- 
ments. In addition, engineering work is performed by 
the forces of five division plant engineers reporting to 
the division plant superintendents located at New York 
City, Philadelphia, Chicago, Atlanta and St. Louis, 
respectively. The commercial engineering work involves 
particularly the estimates of business to be expected and 
rate questions. Traffic engineering involves the deter- 
mination of circuit and equipment facilities required on 
the basis of the Commercial Department’s estimates of 
business. 

In the Long Lines Engineering Department studies 
are made and fundamental or detailed plans are deter- 
mined upon for the provision of the necessary circuit 
and equipment facilities. Specifications are prepared in 
this department for such items as new buildings, the larger 
equipment installations, wire stringing work and im- 
portant cable jobs. A great deal of engineering work is 
done in the application to the Long Lines of new apparatus 
and methods as standardized by the Departments of 
Development and Research and Operation and Engineer- 
ing, and close contact is maintained with these depart- 
ments. As is well known, the developments in new 
apparatus and methods applicable to long distance teleph- 
ony and telegraphy have been rapid and of far-reaching 
importance. One branch of the department devotes its 
entire time to the design of circuit layouts. As was 
pointed out under the heading of ‘Telephone Repeaters’’, 
the design of long distance circuits requires consideration 
of each circuit as a whole, and it has been found desirable 
on account of the cost, length and complexity of most of 
the Long Lines circuits to have the plans for building 
them up prepared in one centralized organization. The 
matter of noise and inductive interference requires con- 
siderable attention. 
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All estimates for specific jobs are prepared in the 
offices of the division plant engineers and these organ- 
izations also do much detailed engineering work involved 
in the carrying out of construction projects and the 
preparation of specifications for the smaller equipment 
installations. Particular attention is also given to prob- 
lems involved in maintenance methods. 

Facilities of the associated companies such as sub- 
scribers’ lines, switching trunks, and toll lines are used 
in connection with the plant of the Long Lines Depart- 
ment in the establishment of complete long distance 
telephone connections. Such facilities are, in general, 
those that can be most economically provided by the 
associated companies or have necessarily been provided 
by them in the operation of their business. In addition, 
many routes and desirable office locations of both com- 
panies are common. For these reasons the engineering 
branches of the Long Lines Department are constantly 
in touch with the organizations of the associated com- 
panies, in order that the economic advantages of joint 
construction may be considered and such facilities 
planned as will permit the business of each company to 
be handled in the most economical manner, considering 
the interests of the Bell System as a whole. Conferences 
are generally held each year in connection with the 
preparation of the construction program and at such 
other times as may be necessary in the preparation of 
fundamental plans or plans for specific projects. Repre- 
sentatives of the companies and departments interested 
are present and all available facts and data are carefully 
considered. 

When the rapid growth and country-wide scope of the 
plant and activities of the Long Lines Department are 
considered, it is easy to appreciate that many variations 
in conditions and requirements are encountered, but in a 
sense these add interest to engineering problems already 
fascinating. The desirability of uniformly following 
methods and practices which experience has proven to be 
sound is always kept in mind in determining upon plans 
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for extensions of lines and equipment, and variations 
from these methods and practices*are™considered only 
when clearly justified by all of the facts. 

To adequately meet the requirements of the public 
for long distance service, engineering plans for the Long 
Lines must be made on a broad and permanent basis, for 
experience has indicated that what is a line with but one 
or two circuits through a territory today, soon becomes a 
route carrying many circuits, and forming an important 
link in the national network of toll lines. 


J. J. Priuiop. 
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The Budget Plan of the Bell System 


HE pages of history tell us of many ways by which 
mankind has sought to foresee and appraise the 


future. Soothsayers and astrologers, sibyls and 
oracles, all were held in high esteem in the life of their 
times. The bases for prophesies were many and varied; 
the position of the stars, the bones of lambs, nature’s 
marking on stones, and many other things quite as 
irrelevant were all used. Great significance was at- 
tached to the interpretation of dreams, and we have a 
familiar example in the story of Joesph, who, from 
Pharaoh’s dream of seven lean kine devouring seven fat 
kine, was able to anticipate the seven years of famine 
and, from the abundance of seven fat years, laid by stores 
for the lean years which followed. 


With the advance of knowledge and lessons from 
experience, men have discarded these methods of apprais- 
ing the future. They have learned that guesses, auguries, 
or “hunches” are unreliable guides and that the best 
assurance toward a prosperous future lies in careful plan- 
ning for it—by studying what has happened in the past 
and, in the light of experience, surveying the problems 
and possibilities of the future so far as they may reason- 
ably be foreseen. The wisdom of this course is uni- 
versally recognized; by following it Governments hope 
to realize a partial solution of their present-day fiscal 
problems; modern business enterprises find in it a more 
scientific and safe way of directing their affairs, and 
even the twentieth century housewife finds it an excellent 
way to insure an abundance of “pin money” and to 
promote domestic happiness. Manifestly, other things 
being equal, the greater success and satisfaction will be 
realized by those who intelligently follow this program 
of planning carefully their future course. 


Modern business in particular, when conducted on a 
large scale, has, by experience, come to realize the value 
of recording, classifying and analyzing its problems, 
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performance and potentialities in order to learn, if pos- 
sible, what it may expect for the years which are to come. 
To this end carefully adapted methods of accounting 
and statistics have been developed to record the past 
and point to the future. By analysis of these the exec- 
utive finds an indispensable aid in forming, his judgments 
and directing intelligently his undertakings. 

The Bell System with its immense problem—con- 
tinually increasing in complexity—of performing a na- 
tional telephone service for more than one hundred and 
ten million people, has not failed to appreciate the 
importance of utilizing this valuable and logical aid in 
conducting its affairs. For many years it has prepared 
a Budget Plan, or what is more familiarly known as 
the ‘‘Provisional Estimate.’”’ From simple beginnings, 
this Budget Plan has been developed along with the 
growth of the business, until it has become one of the 
indispensable adjuncts to successful administration and 
operation of the national system. In fact, without it, 
the administration of an organization so large and com- 
plex as the Bell System would be exceedingly difficult, 
if not impossible. 


THe NEED For A BupGet PLAN 


The Budget Plan or ‘“ Provisional Estimate” in the 
Bell System is a complete statistical summary of con- 
struction, operating and financial facts, both as they are 
presented by a pertinent period of past performance and 
as they may be forecast for a reasonable future period. 
It begins with an analysis of past experience and, in the 
light of that, searches the future and makes orderly 
preparation to move upon it. Those who administer the 
business have available a comprehensive picture of the 
growing and changing character of the business for the 
purpose of reaching well balanced judgments as to the 
lines of development necessary to meet the public needs 
and as to the best administrative policies and practices 
to be followed. 
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In the past, this Budget has been confined principally 
to a survey of the situation for one year in advance, set 
up in comparison with the realized performance of the 
present and past. However, the continually increasing 
demand for telephone service; the greater dependence 
upon the telephone as a means of simplifying and expedit- 
ing the conduct of business and social life; the more 
highly technical character of the facilities required; and 
the increasing complexity of the entire undertaking, all 
require from those who furnish this service an ever 
increasing foresight. The most careful planning for 
future years is now essential. It demands, moreover, 
(to meet successfully this evolution in business and 
social life) the wise provision of great quantities of 
additional and improved facilities, many of which require 
several years for engineering, manufacture and installa- 
tion; the preparation of the most economical programs 
for obtaining and expending the large amounts of money 
required; and the solution of numerous and complex 
construction, operating and management problems. 

A few facts may be cited to illustrate this expansion 
in the Bell Telephone System and the size of its problem. 
At the end of 1900, there were 37,000 employees, 800,000 
company owned stations, a plant investment of $180,- 
000,000, and net plant additions for that year of $35,- 
000,000. At the close of 1921, there were 224,000 em- 
ployees, nearly 9,000,000 company owned stations, a 
plant investment of $1,550,000,000 and net. plant addi- 
tions for the year of $180,000,000. (It is interesting to 
note that the net additions to plant in the Bell System 
for 1921 alone were as large as the entire telephone plant 
investment in 1900, accumulated during the 25 years 
after the telephone was invented.) 

The future does not promise any slackening in the 
demand for additional service. New facilities must be 
added, equipment must be replaced, in brief the telephone 
structure*must keep pace with our national develop- 
ment. Obviously, the‘’many complicated problems pre- 
sented by this widespread telephone structure, with 
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its rapid growth, require most careful study of what 
has happened and most comprehensive analysis of the 
needs and possibilities of the future. To meet this 
situation, and to obtain a better appreciation of the 
effects of general industrial and economic conditions upon 
the demand for telephone service and the requirements 
involved in these demands, it is necessary to look further 
into the future than we have in the past so that the task 
of rendering telephone service may be better visualized, 
and its problems anticipated and provided for intelligently 
in advance. To this end, the Bell System, during the 
past year, has substituted for its one-year plan a five- 
year Budget, by means of which it aims to obtain as 
comprehensive a picture as possible of the task ahead of 
it for at least that period. This five-year program, 
stepped up annually by adding one year and by correct- 
ing for previously unforeseen situations, provides a con- 
tinuous and dynamic forecast of the problem before the 
Bell System. 


THe CHARACTER OF THE BupGEetT PLAN 


This fundamental and continuous five-year Budget 
Plan aims to provide data which is truly comprehensive 
and well balanced from all points of view. The facts 
brought together are intended to show why and how 
certain things should be done, and what may be expected, 
particularly? in development,” capital costs, revenues, 
expenses and net return, as the result of the action 
proposed. Accordingly, past performance is tabulated 
and the reasonable assumptions for the future are set up 
in comparison. In the preparation of this picture, 
practically every department of the company is in some 
way or another concerned. 

As a preliminary step the Executives must make 
available a tentative program of general policies jin 
respect of the business and its future development,’ so 
that the several departments may have a basis upon 
which to proceed in bringing together the material for 
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that part of the picture for which they are immediately 
responsible. 

The Statistician must give his picture of economic 
and financial conditions, as these may be anticipated, 
with their probable effect on development; he must 
analyze business and labor conditions and the probable 
trend of interest rates and the money market. The 
telephone business, it is true, continues to increase with 
remarkable evenness year by year, in spite of wars, busi- 
ness depressions, and other disturbing factors and, in 
general, is by no means as much affected by external 
influences as manufacturing, mercantile, and other busi- 
ness; nevertheless, economic influences cannot be dis- 
regarded and no estimate of the future of the telephone 
problem will be fully significant which does not incor- 
porate the result of careful study of economic factors 
such as the increase in national wealth, the tides of im- 
migration, the increase or decrease in population, dis- 
tribution of income, and housing conditions. 

The Commercial forces must estimate as carefully as 
possible the increase in population in the territory to be 
served, the growth of cities and other communities, the 
extent to which these changes will influence the increase 
in stations, and the prospective use of telephone facilities 
by patrons. Possible new forms of service must be 
studied and their effect on the business ascertained; 
estimates must be made of the probable revenues which 
may be expected from each class of service which is or 
may be offered. 

The Traffic forces must survey the requirements for 
handling the service demanded, in the way of both equip- 
ment and personnel. Related labor supply and costs 
must be studied. Various methods of handling traffic 
must be considered to find the most efficient and econom- 
ical practices and types of equipment. All of these 
must be resolved into expected capital expenditures and 
operating costs for the period. 

The Engineering and Plant forces must consider the 
traffic and service requirements as forecast for the future, 
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and determine the amount of additional facilities required, 
the types of plant best adapted to meet efficiently and 
economically the demands for service as they are fore- 
seen. They must also give consideration to spare 
facilities, and their fundamental plans must be such as 
to lay the foundation for meeting still greater service 
demands in the future in an orderly step by step pro- 
gression along sound and carefully worked out economic 
lines. Replacement and rebuilding of plant and equip- 
ment must be considered and proper provision made 
for the maintenance of the property. All of these and 
many other factors must be resolved into plant, labor 
and material requirements, capital expenditures and 
operating expenses. 

The Accounting forces must provide from their 
records data as to past performance of every phase of the 
business. They must also estimate and summarize 
future requirements as to taxes, fixed charges, dividends, 
and general and miscellaneous expenditures. Items of 
revenue must be estimated and tabulated. 

In fact, every function of the business must outline 
its program of activities for the period, justify their 
value to the business and appraise the cost and results 
thereof, and all of these judgments and estimates brought 
together, co-ordinated and summarized, comprise, for 
the Executives, a Provisional Estimate of the task and its 
probable results immediately ahead of the Bell Tele- 
phone System. The picture is by no means complete, 
for many unforeseen situations and contingencies will 
arise to modify the work as planned and the results 
expected. Estimates also are sometimes influenced by 
hope of accomplishment rather than by an analysis of 
the cold facts, but nevertheless a valuable fund of data 
has been made available. 


Tue Use Mabe or THE BupGet PLAN 


This fund of information regarding the future of the 
business enables the administrative and executive offi- 
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cials to consider the soundness and wisdom of their 
policies and programs for the future. They must review 
the possibilities in respect of general business conditions, 
price changes, labor conditions and wages, the demands 
for service, the requirements for plant additions, improve- 
ments and replacements, the requirements for main- 
tenance, operating and general expenses, depreciation, 
and taxes. They must give due consideration to un- 
foreseen contingencies and make due allowance for 
estimates of the future based on scanty data. They 
must eliminate the non-essential in the plans as proposed. 
The adequacy of the present rate structures must be 
studied, the revenues expected from new developments 
must be carefully scrutinized, and a conservative ap- 
praisal made of the possibilities of increased revenues. 
The prospects of obtaining the new capital required must 
be considered and the probable cost thereof ascertained. 

In brief, those who administer the business must 
obtain a full knowledge of what is involved in their 
responsibility for furnishing adequate and efficient tele- 
phone service for the future, whether their policies and 
the programs as proposed by the several functions can 
be executed, or whether they should be revised, modified 
or discarded. However, beyond this they must satisfy 
themselves that the program which is finally adopted 
will yield a proper and reasonable amount of net earnings 
on the investment required, otherwise that program, 
no matter how splendidly planned, must fail, for in- 
vestors will not long supply the additional capital re- 
quired unless they are assured of the protection of their 
investment and an adequate return thereon. 

In meeting these two major responsibilities, namely, 
adequate and efficient telephone service to the public 
and an adequate return to those who invest their labor 
and money in the business, the data provided by the 
Budget Plan furnishes the executives with a continuing 
basis for action. With its aid they can lay plans for the 
future and arrange for the conduct of operations in an 
orderly and economical manner from every viewpoint. 
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A few of the advantages made possible may be 
mentioned. 

From the viewpoint of future material requirements, 
when one stops to consider that the purchases of equip- 
ment and construction and other materials required by 
the Bell System now exceed $150,000,000 annually and 
that these for the most part are highly fabricated and 
specially manufactured for its purposes, it becomes 
evident that construction and service programs must be 
anticipated and requirements furnished to the suppliers 
at least several years in advance, in order that equipment 
and supplies may be manufactured and delivered under 
normal schedules. Time should also be available for 
reasonable foresight as to price changes, to enable a 
more liberal purchasing of materials during periods 
when prices are at relatively favorable levels. The 
supply of raw materials now used may become limited 
and it may be necessary to find new sources or substitutes 
if delay and inconvenience are to be avoided. Deliveries 
of material can be scheduled and made available by the 
supplier in an orderly manner so that no delay will result 
when work on a project is started. At the same time, 
the manufacture and delivery of equipment can proceed 
in such a way as to limit to the minimum the preliminary 
non-earning period of capital tied up therein. 

From the viewpoint of construction and maintenance 
work for the future, large and important developments 
and projects can be studied and possible alternative plans 
considered to find the best and most economical way to 
meet the desired result. Switchboards and installations 
must be engineered, and construction activities co- 
ordinated. Replacement and maintenance programs may 
be prepared. The necessary workmen can be trained 
in advance so as to be skilled and experienced in their 
work. The general demand for and supply of available 
labor can be analyzed and a continuous program of work 
arranged so that skilled labor may be continually em- 
ployed. In brief plans may be made to conduct the 
necessary operations year after year on an even keel 
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without undesirable changes in working forces and labor 
turnover. 

From the viewpoint of operation, there is afforded 
an opportunity to study increased service demands, and 
if these require that methods of handling traffic be 
revised, or that new and better facilities be provided or 
new methods designed to meet the requirements, this 
can be done. The necessary operators may be trained 
and the source of supply analyzed to ascertain whether 
the needs of the System can be met or whether other 
methods of handling the traffic must be employed. An- 
ticipated operating expenses of every type may be 
scrutinized and plans laid to ensure the latest and most 
economical methods. 

From the viewpoint of revenues which are required 
to make possible the success of any program adopted, 
the Budget Plan provides an opportunity to plan care- 
fully in advance for rate schedules which will be adequate 
and consistent with the quality of service rendered, yet 
reasonable in cost and adapted to develop traffic. New 
sources of revenue may be arranged by more effective 
and intensive uses of the service. Rate situations may 
be systematically studied and equitably adjusted so 
that expensive rate litigation may become necessary 
only as a last resort. 

From the viewpoint of supervision, the data so made 
available affords an excellent means of checking actual 
performance. If the estimates take full account of all 
of the conditions under which the proposed work must 
be done, and its actual performance presents higher 
costs or other unfavorable conditions, an opportunity 
is afforded to check whether the work was done effi- 
ciently and economically, or whether it is properly 
organized and supervised; in brief, whether the desired 
result is being obtained at the lowest possible cost. 

Finally, one of the major functions performed by the 
Budget Plan is to lay a sound foundation for financing. 
After the entire program for the immediate future has 
been summarized, checked and revised to a sound basis, 
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consistent with the expected demands for service and 
conservative as to cost, the problem presented is that 
of financing the undertaking. All proposed activities 
must be resolved finally to capital costs and net earnings. 
If net earnings are not adequate to yield a proper return, 
one of two courses of action must obviously be taken— 
either more revenues must be made available or the 
program must be modified. The large army of investors 
in Bell System stocks and bonds—numbering upwards 
a half million—must realize as much on their funds in this 
business as from other forms of investment, otherwise 
their funds will be withheld. The Budget makes it 
possible to so plan the future of the business as to retain 
these investors and to interest others, while rendering 
service at a reasonable price. 

The capital cost of any program approved must be 
obtained by new investments from those who are already 
investors and by developing new sources of capital, and 
to this end, the Budget permits a continuous forward- 
looking financial program in respect of the large amounts 
of new capital required. During the past few years, 
these capital requirements have averaged upwards 
of $100,000,000 annually. To make available at 
the minimum cost to the Bell System, these immense 
amounts of new capital and to have funds on hand as 
needed is indeed a task of no small proportions. Consid- 
eration must be given to the best form of security to be 
issued—-whether stocks, bonds or notes—and the most 
favorable time for issuing these must be determined. The 
conditions of the investment money market and the trend 
of and possible changes in interest rates must be critically 
considered. New sources of capital must be tapped and 
confidence must be established and maintained in the 
securities issued. The foundation must also be laid for 
future issues, since the business is a continuing one and the 
demand for telephone service shows no signs of slackening. 
But the task of financing can be carried to successful com- 
pletion only if net earnings are and continue to be“such 
as attract and hold capital in the business, and in this 
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connection, the Budget Plan appraises anticipated earn- 
ings and gives a basis for making every possible effort 
by sound planning and economies to make them adequate 
now and for the future. 

The American Telephone and Telegraph Company 
and its Associated Companies comprising the Bell Sys- 
tem have as their responsibility to society the task of 
furnishing a national telephone service. In performing 
this task the development of a well organized and in- 
telligent force of men and women has been necessary and 
an investment aggregating over two billion dollars is 
now involved. The size of this undertaking has not 
come about by the personal desire of any one individual 
or group of individuals in the Bell System that the organ- 
ization and structure which provides this essential service 
should be the largest of its kind, or that an enormous 
volume of service should be rendered as a business vent- 
ure; rather, this structure has been made necessary by 
and created out of the demands of society that it be 
supplied with this indispensable instrument in the con- 
duct of its business and social life. For the same reason, 
the business will assume even greater proportions, more 
complex service and operating problems will be encount- 
ered and much additional capital must be obtained. 

This responsibility for the future can and will be met, 
but to that end a careful study of past performance is 
required, and careful and logical planning for the future 
must be in evidence, to assure that development and 
growth will proceed in an orderly, economical and stable 
manner. On this account, a continuous scientific Budget 
Plan, which lives and grows with the business and is 
always adapted to the needs of the time is indispensable. 


C. A. Hetss. 
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Electric Waves—The Modern Mercury 


LL intelligence is brought to us by waves of one 
A form or another. Hearing and sight are the 
familiar illustrations, one depending upon air 
waves and the other upon the so-called ether waves. The 
telephone and telegraph, whether wire or radio, are 
equally good examples. Like the sense of sight they 
depend upon ether waves. In the radio telephone and 
telegraph the waves bearing messages spread out through 
space in all directions; in the wire telephone and tele- 
graph they travel very close to the line wires which serve 
as guides between the sending and receiving ‘points. 

The familiar expression is that the electric ‘‘current”’ 
transmits telephone and telegraph messages. This is 
only a partial picture. An electric current in a wire 
implies the presence of electric waves in the region sur- 
rounding the wire, and physics teaches that the energy 
of the “current” is to be found in these waves. This 
conception of the transmission of energy is deducible 
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from Maxwell’s fundamental postulates and will be found 
elaborated in the writings of Poynting, in 1884, J. J. 
Thompson, in 1893, and Heaviside, in his Encyclopedia 
Britannica article in 1902. When a current of electricity 
flows in a wire it represents the drawing of energy from 
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the surrounding ether waves, and if the current could be 
prevented the waves would travel with less tendency to 
die away. 

The extent to which wires act as guides for the energy 
of the electric waves may be illustrated by a long open- 
wire telephone circuit. From Fig. 1, showing a section 
of such a circuit, it is seen that the ether immediately 
around the wires acts like a sort of duct through which 
the energy passes. 

Electric waves used in telephony and telegraphy, 
both wire and wireless, belong to the same category of 
ether waves as the light waves of the visible spectrum 
and the infra-red, ultra-violet, and X-ray spectra. They 
are, however, of much higher frequency. The relative 
frequencies of the principal portions of the ether wave 
spectrum thus far studied and classified are given in 
Table I. At one end lie the extremely short X-rays 
whose wave length are of the order of a billionth of an 
inch, a distance that is comparable with the distance be- 
tween the atoms of most crystals. At the other extreme 
come the very long waves used in electrical communica- 
tion whose lengths range all the way from many feet to 
many miles. 


TABLE I 
Frequency in Cycles 
per Second 

Wire transmission systems............................0 to 30,000 
EE ees ind dem deus wb mwds «var cide 15,000 to 10’ 
ek, os cs ues nmi @ 9 nae ae 10’ to 10" 
a re Mes es Pee ES 10" to 4x 10" 
a Sk LE 8c aia «wt div dteas'e bbws wo wie ee ee 
Ts acs wie gh bs saneeus oneh ps tile «sated 8x 10" to 3x 10" 
Eee = =—=—SCl lh lk 


The view that all ether waves are fundamentally 
alike—whether X-rays or the long waves used in com- 
munication—originated in the theoretical work of 
Maxwell and the experimental work of Hertz. Not- 
withstanding the fact that every wire carrying an electric 
current is surrounded by long ether waves, their existence 
became known only when Hertz succeeded, so to speak, 
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in shaking them loose from their wire paths making 
them free to radiate in all directions. Because they 
originate about an electric circuit they are frequently 
referred to as electric waves, but the very much shorter 
waves of light are as truly electrical in origin. 

So far as is known, all ether waves travel with a com- 
mon speed, namely, 186,000 miles a second. This speed 
has been accurately measured for the waves of the visible 
spectrum and also for the long Hertzian waves. The 
speed of X-rays has not as yet been directly determined 
but there is no reason to believe that they form an excep- 
tion to the general rule. 

The question is frequently asked and seldom answered 
correctly as to the speed at which telephone and tele- 
graph messages travel over long circuits such as that 
between New York and San Francisco or a submarine 
cable under the Atlantic Ocean. As a matter of fact 
the answer is very simple. As already pointed out the 
electric waves travel along the wire or cable with the 
speed of light. On this basis, the waves constituting a 
telegraph message would require less than 1/50 of a 
second to travel from New Foundland to Ireland, a dis- 
tance of about 2800 miles. This does not mean, how- 
ever, that the message sent from New Foundland will be 
reproduced at the receiving station on the Irish coast 
within 1/50 of asecond. The reproduction of the message 
requires movement on the part of the receiving instrument 
and this in turn depends upon the building up of an 
appreciable electric current in the receiving end of the 
cable. It is the building up of the current and the 
production of motion which requires time. In the case 
of the Atlantic cable some three or four seconds is required. 

To put this another way, a telegraph or telephone 
message represents a case in which “coming events cast 
their shadows before.”’ Along the surface of the wire 
and outside of it, the electric impulses or waves travel 
with the speed of light. After the initial impulse has 
passed, current in the same direction as this impulse 
proceeds to build up. The rate at which the growth 


[45] 











Bell Telephone Quarterly 





occurs depends upon the electrical characteristics of the 
circuit, it being much slower in a submarine cable than 
in an open wire telephone or telegraph line. With the 
lapse of more or less time after the initial impulse, the 
current in the wire becomes large enough to operate the 
receiving instrument whether this be a telegraph sounder, 
a telephone receiver or a syphon recorder. 

One of the most characteristic phenomena connected 
with wave motion is that of “resonance’’. Doubtless 
everyone has at some time made the acquaintance of a 
piano which attempts to talk back to him. This effect 
can be secured from any piano by lifting the dampers 
from the strings by means of the sustaining pedal. When 
free to vibrate, each string tends to be set into sympa- 
thetic vibration by those sound waves of the voice which 
correspond to its particular frequency. By gently push- 
ing down a single key on the piano so as not to cause the 
string to vibrate and then singing that note, a very good 
illustration of sympathetic vibration or resonance is 
obtained. By holding down several keys and singing 
only one of them it will be found that that one alone 
responds by resonance. This gives a very simple illustra- 
tion of the principle of “tuning” as practiced in radio 
telephony and telegraphy. Carrying out the analogy, 
each string may be looked upon as a radio receiving sta- 
tion, only that single one being set into motion whose 
rate of vibration is the same as that of the sending station. 

What is more natural than to attempt the transmis- 
sion of several telegraph messages over a single wire at 
the same time by employing this principle of resonance? 
As much as fifty years ago, we find that two notable 
attempts were made to develope an “harmonic”’ tele- 
graph. About 1872 Elisha Gray and Alexander Graham 
Bell independently set out to solve the problem, making 
use of mechanical resonance as displayed by vibrating 
strings and reeds. 

Gray succeeded in bringing his invention to a remark- 
ably high state of perfection but it did not prove capable 
of the important practical applications for which he had 
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hoped. Bell, on the other hand, encountered difficulties 
and digressed from his original plan due to certain curious 
observations which he accidently made. He failed to 
complete his device but by digressing he came upon 
another very useful invention, the telephone. He had 
for some time had visions of a device for transmitting 
speech electrically, and when he detected what he thought 
was a clue to it in his accidental observations, he straight- 
way bestowed all of his energies upon it. 

The fundamental properties of all wave motion, 
whether found on the surface of water, or in the air, or 
sounding bodies, or in the ether of space, are practically 
identical. This does not mean that sound waves in air 
and electric waves in the ether are identical. It means 
that the mathematical equations which the physicist 
uses in his study of these two kinds of waves are similar. 

A partial justification of this statement is found in 
the fact that the phenomenon of resonance as displayed 
by sounding bodies is paralleled accurately by resonance 
in electric circuits. The “tuning” of a wireless receiving 
set consists simply in changing its natural rate of electrical 
vibration so as to be equal to the rate of some station 
which is sending out messages. When so tuned, it is 
relatively sensitive to the wave length sent out by this 
station and relatively insensitive to stations transmitting 
on other wave lengths. 

With the discovery of electrical resonance and its 
close parallelism to mechanical resonance, there came 
renewed efforts to develop an harmonic telegraph. Nat- 
urally the new attempts involved the principle of elec- 
trical tuning’as a substitute for the mechanical tuning 
used by Gray and Bell. About the year 1893, Pupin and 
John Stone Stone, an engineer of the American Bell Tele- 
phone Company, began working upon a system of har- 
monic telegraphy involving electrical tuning. Its funda- 
mental idea was that the dots and dashes of the telegraph 
code should be carried by relatively high frequency cur- 
rents, the simultaneous messages being each carried by a 
different frequency. Except for the fact that these high 
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frequency currents were to be guided by wires and not 
radiated in all directions into space, the underlying prin- 
ciples were the same as those at present employed in 
wireless telegraphy. 

About the same time Stone, in this country, and 
Messrs. Hutin and LeBlanc, in France, were attacking 
the problem of what might be called an harmonic tele- 
phone. Just as in the telegraph the effort was to carry 
dots and dashes by alternating currents of frequencies 
ranging from about 200 to 500 cycles per second, the 
seekers after the harmonic telephone proposed to carry 
the rapid fluctuations of the voice by alternating cur- 
rents of higher frequencies between 10,000 and 20,000 
cycles per second. By the use of several such high fre- 
quency currents they hoped to transmit several tele- 
phone messages at once over a single pair of wires. Like 
Pupin, they made use of tuned circuits and electrical 
resonance. These pioneers in the field of harmonic tele- 
phony—-or “carrier current” telephony, as it is known 
today—were able to make their inventions work under 
favorable conditions but they proved too delicate, too 
unreliable, to be practicable for public use. Although 
means were provided for the simultaneous transmission 
of several messages over a single circuit, the complica- 
tions involved over-balanced any advantages that the 
multiplex feature might have. 

An explanation of the failure which met the efforts 
of these pioneer investigators is found in the undeveloped 
state of the art of transmitting currents over wires which 
prevailed at that time. In the light of our present-day 
knowledge we see that the solution of harmonic telephony 
demanded certain devices which were not then to be 
found even in the imaginations of the foremost inves- 
tigators. Nor were these essential devices immediately 
forthcoming; for during the years 1906 to 1911 a number 
of workers, among whom may be mentioned Vreeland, 
Squier and Alexanderson in this country and Ruhmer in 
Europe, suggested multiplex carrier telephone and tele- 
graph systems which employed the same fundamental 
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principles previously worked upon by Pupin, Stone and 
others and with no better success. 

The successful application of carrier currents has 
been a development of the past four or five years and 
looking backward, we can now see the factors that have 
turned failure into success. The most important of 
these are three in number: 


1. Development of the familiar vacuum tube to 
such a state that it is a reliable and stable instru- 
ment for amplification, detection and modula- 
tion of electric currents. 

2. Development of a device known as an electric 
wave filter which represents a vast improvement 
over the tuned circuit as a means of separating 
electric currents of different frequencies. 


3. Development of the technique of transmitting 
telephone and other currents over wires, with 
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particular reference to telephone repeater opera- 
tion and the methods of overcoming interference 
or “cross-talk” between adjacent circuits. 


These developments have emanated from the research - 
laboratories of the Bell Telephone System, and indeed 
could scarcely have been possible except through the 
close cooperation and the careful dovetailing together of 
almost countless individual pieces of research which a 
large laboratory organization makes possible. 
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Fie. 3. Characteristic of a “‘Band Pass’’ filter (solid curve) designed to admit 
frequencies between 9000 and 11000 compared with that 
of a resonant circuit (dotted curve). 


The electric wave filter is one of the most remarkable 
developments of recent years in the field of electric cir- 
cuits. The filter makes it as easy to separate alternating 
currents of different frequencies as screens with different 
sizes of mesh make possible the separation of stones and 
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gravel of different sizes. It is the invention of Dr. G. A. 
Campbell of the American Telephone and Telegraph 
Company and were it not for the unfortunate fact that 
any comprehensive understanding of its action involves 
quite a bit of higher mathematics, it doubtless would be 
much more widely known today than it is. 

» The filter does not respond to electric currents in 
the same manner as the tuned circuit. It acts as a gate 
which can be placed in any circuit and which will admit 
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Fig. 4 


A, Band-pass filters admitting all carrier frequencies but excluding the band of 
voice frequencies. 


B, Band-pass filters admitting the voice frequencies but excluding all carrier 
frequencies 


C, Band-pass filters covering the range from 10,000 to 12,500 cycles. 
D, Band-pass filters covering the range from 13,500 to 16,000 cycles. 
E, Band-pass filters covering the range from 17,000 to 19,500 cycles. 
F, Band-pass filters covering the range from 20,000 to 22,500 cycles. 
G, Band-pass filters covering the range from 23,500 to 26,000 cycles. 
H, Band-pass filters covering the range from 27,000 to 29,500 cycles. 


only currents of predetermined frequencies. For ex- 
ample, a filter can be designed which will admit currents 
from zero frequency to any higher frequency such as 200 
cycles. Or the filter may be’ designed to admit all cur- 
rents between two definite frequencies as, for instance, 
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200 cycles per second and 500 cycles per second. Or 
again, it may be designed to admit all currents above a 
certain frequency. These filters are known respectively 
as “low-pass’’, “high-pass”’ and “band-pass’’ filters and 
the general characteristic of each is shown in Figs. 2 and 3. 

The selectivity of the filter as shown by the solid line 
in Fig. 3 is remarkably uniform over any range of fre- 
quencies for which it may be designed—in Fig. 3 this 
range is from 9,000 cycles to 11,000 cycles. For com- 
parison, the selectivity of the resonant circuit is shown by 
the dotted curve and, as will be seen, is great in the 
immediate neighborhood of 10,000 cycles but diminishes 
rapidly on either side. : 

The manner in which filters are used in a modern 
carrier telephone circuit is shown diagramatically in Fig. 
4. Each telephone channel must supply means of trans- 
mitting speech in both directions. This is generally 
accomplished by using a different carrier frequency to 
transmit in each direction. In our diagram the lowest 
carrier frequency has been taken as 10,000 cycles per 
second. When this is modulated with speech it becomes 
a band of frequencies ranging from 10,000 cycles to about 
12,500 cycles because the band of speech frequencies is 
itself about 2,500 cycles wide. The next carrier fre- 
quency must, therefore, be somewhat greater than 12,500. 
In our illustration it has been chosen as 13,500. This in 
turn when modulated with speech becomes a band of 
frequencies ranging from 13,500 to 16,000. The next 
carrier channel runs from 17,000 to 19,500. As shown 
in the diagram these three channels carry speech from 
west to east. To carry it from east to west three other 
channels running from about 20,000 to 30,000 cycles are 
employed. In this way the likelihood of the westbound 
channel A cross-talking into eastbound channels B or C is 
reduced to a minimum. This is a very important point 
for, as already indicated, the elimination of cross-talk 
between adjacent carrier circuits has been one of the most 
difficult problems for the telephone engineers to overcome 
in arriving at a successful carrier system. 
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Of equal importance with the filter has been the 
development of a successful telephone repeater. This, 
as is generally known, employs the three-electrode vacuum 
tube as one of its integral parts. The rise of the vacuum 
tube to a position of importance in the electrical art has 
been extremely rapid. It first assumed commercial 
importance by its use in the telephone repeaters of the 
transcontinental telephone line when that was opened in 
1915. The studies which were made by the telephone 
engineers to adapt the vacuum tube to long d’stance 
telephony in the transcontinental line demonstrated that 
this remarkable device could also be made the keystone 
of a practicable radio telephone, and the development of 
power vacuum tubes very much larger than any there- 
tofore made was immediately undertaken. With these 
tubes speech was successfully transmitted in the fall of 
1915, from the city of Washington across the Atlantic to 
Paris and also westward, a distance of 5,000 miles, to 
Honolulu. It was the success of this first large radio 
telephone demonstration that proved that radio teleph- 
ony could be made sufficiently reliable for military 
purposes. Many new investigations were therefore begun 
by the telephone engineers in cooperation with the U. 8. 
Signal Corps, with a view to perfecting small radio tele- 
phone sets for air-craft, submarine patrols and many 
other war-time uses. 

Without the telephone repeater there would be no 
practicable carrier telephone system. Some experiment- 
ers in the field of carrier currents have had the curious 
misconception that the mode of transmission of the high 
frequency electric waves employed in carrier operation is 
different from that of the ordinary telephone and tele- 
graph frequencies and that the carrier frequencies have 
some unexplained property whereby, although guided by 
the line wires, large energy losses in the wires are avoided. 
There is, however, no theoretical or experimental justi- 
fication for this idea. As a matter of fact, a high fre- 
quency carrier current tends to die away more rapidly 
in traveling over a long line than does the ordinary tele- 
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phone current. The higher the frequency the more 
rapidly does it die away. 

To indicate the importance of telephone repeaters in 
a carrier system it may be stated that if the Harrisburg- 
Chicago carrier telephone line, 750 miles long, were 
operated without repeaters it would be necessary to apply 
at the sending end a power of 60 kilowatts; by the use of 
intermediate repeaters the power at no point exceeds 
1/600000th of this figure, or 1/10 watt. Since the dif- 
ference between the two cases is represented by a factor of 
600,000, it need scarcely be added that without telephone 
repeaters the carrier system would be utterly imprac- 
ticable except perhaps on very short circuits. On short 
circuits, however, it is cheaper to provide additional line 
wires than to resort to the complications which are neces- 
sarily involved in the carrier system. 

One of the most interesting and noteworthy features 
of the development of harmonic or carrier current teleg- 
raphy and telephony has already been hinted at. Up- 
wards of half a century ago two inventors—one of them 
the subsequent inventor of the telephone—strove to 
perfect a harmonic telegraph. They were both men of 
vision—of vision so keen and far-sighted that they 
attempted what would ultimately come to be of great 
service, but which was far in advance of the electrical art 
of their day. The art had not then dreamed of the 
essential stepping stones by which the desired end was to 
be reached—the vacuum tube and the filter. By the 
development of these and countless other and less con- 
spicuous improvements in the transmission of commu- 
nication currents over wires, the telephone engineers of 
today have reached the goal for which the inventor of 
the telephone strove and by which efforts he was led to 
the telephone itself. 


R. W. Kina. 
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THE SHAWNEE CONFERENCE 


URING October a Bell Telephone System conference 

to discuss economy and efficiency in operation was 

held at the Buckwood Inn, Shawnee-on-Delaware, Penn- 
sylvania. 

Shawnee-on-Delaware is a little town about four 
miles from Delaware Water Gap. It lies in the floor of 
the valley where the Delaware River cuts through the 
Pocono hills. 

The conference was attended by the officers respon- 
sible, in each of the Associated Bell Telephone Companies, 
for coordinating the work of the plant, traffic, commercial 
and engineering departments. 

The spirit of the conference was expressed by Mr. 
H. B. Thayer, President of the American Telephone and 
Telegraph Company, in his opening remarks. In dis- 
cussing the purposes of the conference Mr. Thayer said, 
“We invest about two hundred million dollars a year. 
In investing this money we have to think about two 
things—of giving service to the American public, and 
that the dollars must be spent in a way that will give the 
most service for the least money and will be of the great- 
est good to the most people. It is not an easy proposi- 
tion, in spending two hundred million dollars, to say just 
where it should be spent to accomplish the greatest good 
to the greatest number. 

“We are spending largely the money of small invest- 
ors, more than half of them women—to a greater extent, 
we believe, than in any other enterprise. We are really 
trustees for these investors. We must spend this money 
in a way to insure the surest return. This is a big res- 
ponsibility. Having spent the money, the property 
created by it must be operated, and it must be operated 
to the satisfaction of the public. It must be operated at 
an expense that the public will approve. There isn’t any 
business in the United States where there is more intimate 
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criticism of the operation of the business than there is in 
the telephone business. There isn’t any business where 
the public served feels itself as directly affected by bad 
service as it does in our business. The public expect a 
high degree of perfection. This is one of the things we 
must always think of. 

“Besides this matter of giving service, we have in 
operating the business the very important duty of seeing 
that no one can justly make the statement that we are 
either spending money extravagantly on plant, or ex- 
travagantly on service. We cannot proceed like the 
motorman driving a street car, where it is simply a case 
of going ahead and keeping on the track. We must be 
constantly thinking, always thinking of the possibilities 
of next week, next month, next year. The job is not a 
routine job. We have a responsibility to try and see 
what it is, at this particular time, that the Bell Telephone 
System needs most, in addition to those things we all 
know about and are here to talk about, the necessity of 
increasing foresight, increasing economy, increasing effi- 
ciency.” 

Later in the conference Mr. Thayer stated: ‘At this 
meeting I am very much impressed with the fact that 
more and more we are operating this business on the basis 
of accurate knowledge and trained experience.”’ This 
seems to sum up the work of the conference, which lasted 
eight days, and which was devoted to a detailed discus- 
sion of ways and means of accomplishing the objectives 
outlined in Mr. Thayer’s opening remarks. 

The conference was a valuable experience to all who 
were there. It permitted the operating officials of the 
System, the daily work of each of whom is conducted in 
a different part of the nation, to meet together in one 
room and to discuss common and individual problems. 
The fact that the conference was held in the country, 
away from the distractions of the big cities, permitted its 
work to proceed without interruption, and allowed the 
members of the conference to carry on their discussions 
among groups outside the regular sessions. Those who 
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were at Shawnee expressed themselves as impressed with 

the value not only of the conference itself, but of the 

general discussions, outside the conference room, which 

the holding of the conference at Shawnee permitted. 
Those who attended the conference were: 


New ENGLAND TELEPHONE AND TELEGRAPH CoMPANY— 

W. R. Driver, Jr., Vice President and General Manager 

G. H. Dresser, General Superintendent of Plant 
SouTHERN New ENGLAND TELEPHONE ComPpaNy— 

H. C. Knight, Vice President and General Manager 
New York TELEPHONE ComPANY— 

J. A. Stewart, First Vice President and General Manager 
BELL TELEPHONE COMPANY OF PENNSYLVANIA— 

J. C. Lynch, Vice President and General Manager 

J. L. Kilpatrick, Assistant Vice President and Assistant General 

Manager 


CHESAPEAKE AND PoroMac TELEPHONE CoMPANY— 
B. Stryker, General Manager 


SOUTHERN BELL TELEPHONE AND TELEGRAPH CoMPANY— 
F. H. Reid, Vice President 
On1o BEL, TELEPHONE ComPpANY— 
C. P. Cooper, Vice President and General Manager 
CINCINNATI AND SUBURBAN BELL TELEPHONE CoMPANY— 
B. T. McBurney, Vice President and Assistant General Manager 
INDIANA BELL TELEPHONE ComPANY— 
F. A. Montrose, Chief Engineer and General Plant Superintendent 
MicuiGan STatTE TELEPHONE ComPpaNy— 
G. M. Welch, Vice President and General Manager 
WIsconsIn TELEPHONE ComMPANY— 
W. R. McGovern, President 
Ituino1is BELL TELEPHONE ComPpANY— 
F. O. Hale, Vice President and General Manager 


SOUTHWESTERN BELL TELEPHONE ComPpANY— 
A. B. Elias, Vice President 
NORTHWESTERN BELL TELEPHONE ComPANY— 
A. A. Lowman, Vice President and General Manager 


MountTAIN STATES TELEPHONE AND TELEGRAPH CoMPANY— 
E. M. Burgess, Vice President 
H. E. McAfee, General Commercial Manager 


Paciric TELEPHONE AND TELEGRAPH ComPpaNny— 
J. C. Nowell, Vice President and General Manager 
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Lone Lines DEPpARTMENT— 
F. A. Stevenson, Director 


Bet. TELEPHONE CoMPANY OF CANADA— 
C. F. Sise, Vice President and General Manager 


WEsTERN ELEectric Company— 
F. B. Jewett, Vice President 
F. B. Gleason, General Telephone Sales Manager 


AMERICAN TELEPHONE AND TELEGRAPH ComPANY— 
B. Gherardi, Vice President and Chief Engineer 
E. K. Hall, Vice President 
C. A. Heiss, Comptroller 
K. W. Waterson, Assistant Chief Engineer 
R. H. Burcher, Assistant Vice President 
C. I. Barnard, Commercial Engineer 
H. P. Charlesworth, Plant Engineer 
W. A. Griffin, Assistant to Vice President Hall 





MACHINE SWITCHING IN NEW YORK CITY 


HE first machine switching telephone central office 

in New York City was placed in service on October 
14, at midnight, when 1700 lines of the Pennsylvania 
exchange, which numbers several of the larger metro- 
politan hotels and department stores among its 10,000 
subscribers, were “cut over” from the manual switch- 
board to the new mechanical equipment. 

An intensive campaign of personal instruction to- 
subscribers had been carried on by the New York Tele- 
phone Company, with the result that no difficulty was 
experienced in the use of the’ dial and the new apparatus 
is functioning with satisfaction to both the telephone 
users and the company. 

On November 18, approximately 1200 additional 
lines of the Pennsylvania exchange were transferred to 
the machine switching equipment, and others are to be 
added gradually until the entire exchange has been put 
on a mechanical basis. 

The second office to be transferred to the machine 
switching equipment was Academy, serving one of the 


[58] 

















Notes on Recent Occurrences 





uptown residential districts. On December 2 about 
4,000 lines served by the manual type of switchboard of 
this exchange were “cut over’’, and others are to follow 
shortly. The next exchange scheduled for transfer to 
the machine switching equipment is Walker. 

The transfer of the Pennsylvania exchange is the 
first of a series contemplated by the New York Tele- 
phone Company. Difficult engineering problems are 
involved and the manufacture of the intricate apparatus 
used in connection with the machine switching equipment 
requires the most painstaking accuracy in every detail. 





A. T. & T. CO. HEADQUARTERS 


ONSTRUCTION of an addition to the Telephone 

and Telegraph Building, New York, national head- 
quarters of the Bell System, which has been under way 
for some time, has been completed and the ground floor 
was thrown open to the public on November 1. The 
frontage on Broadway now extends from Dey Street to 
Fulton Street, the depth being about 275 feet on the 
former and about 167 feet on the latter. The Telephone 
and Telegraph Building now occupies a total ground 
space of 36,000 square feet. It has twenty-six floors. 

The Greek style of architecture employed in the old 
building has been followed in the new structure, Doric 
columns being used in the lobby and for the first floor 
exterior, while the exterior columns on the other floors 
are Ionic. Simplicity and dignity, combined with an 
impression of enduring strength, are outstanding char- 
acteristics. 

In no case has utility been sacrificed to artistic effect 
and the result is a building which is as near perfection 
from the standpoint of utility as it is from that of beauty. 
Thirty elevators carry the occupants of the offices to and 
from their work, while the enlarged lobby prevents con- 
gestion, even during the busiest hours of the day. 
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The heating, lighting and ventilating systems are 
ideal. The mechanical department, which houses the 
engines and dynamos used in connection with these sys- 
tems, is located in sub-basements which extend three 
floors below the ground level. 

Besides the headquarters organization of the American 
Telephone and Telegraph Company and certain depart- 
ments of the Western Electric Company, the manufactur- 
ing branch of the Bell System, the building is occupied 
by the executive offices of the Western Union Telegraph 
Company. Its present occupants number about 4,400 
but provision has been made for a maximum capacity 
of 6,000. This will care for the expansion of the tele- 
phone organization for some time to come. 





VAIL MEDAL AWARDS 


N December 1, the National Committee of Award 

announced the names of ten men and women to 
whom they had awarded the gold and silver medals con- 
ferred annually upon members of the Bell Telephone 
organization in memory of the late Theodore N. Vail, 
and in recognition of a few of the most conspicuous 
examples of “noteworthy public service.” 

In addition to the gold and silver medals, 144 bronze 
medals were awarded by regional committees of award, 
and from these ten were selected as winners of the gold 
and silver medals. The gold medal carries with it a cash 
award of $500, and each of the silver medals a cash award 
of $250. 

The gold medal was awarded to Byron Ernest Thady, 
night switchboard man of The Mountain States Tele- 
phone and Telegraph Company, of Pueblo, Col., for his 
services during the flood which occurred in that city on 
June 3, 1921. 


The silver medals were awarded to:— 


Lillian Elizabeth Barry, supervisor, Southwestern Bell Tele- 
phone Company, St. Joseph, Mo. 


[60] 














Notes on Recent Occurrences 





Anna Regina Murphy, chief operator, The Bell Telephone 
Company of Pennsylvania, Carbondale, Pa. 


Otis Payne, lineman, Indiana Bell Telephone Company, 
Washington, Indiana. 


Mrs. Josephine D. Pryor, chief operator, The Mountain 
States Telephone and Telegraph Company, Pueblo, Col. 


Robert W. Taylor, foreman, Cumberland Telephone and Tele- 
graph Company, Winona, Miss. 


Verda Ray Townley, manager, Southwestern Bell Telephone 
Company, Freeport, Tex. 


Alphonse Veno, repairman, Wisconsin Telephone Company, 
Ashland, Wis. 


Keziah Elizabeth Weaks, night operator-in-charge, The Bell 
Telephone Company of Pennsylvania, Hatboro, Pa. 


Etta Willcox, night operator, Northwestern Bell Telephone 
Company, Williams, Ia. 


Commenting upon the cases which it had considered 
in deciding the awards, the committee said, in part: 

“The fine spirit which prevails among the men and 
women of the Bell System has again been evidenced by 
the reports which the Committee of Award has had 
before it. Again it is clearly seen that loyalty and 
devotion to public service and disregard of self are the 
rule rather than the exception. 

“The Theodore N. Vail medals are intended to give 
special recognition to some of the outstanding acts which 
reveal the spirit and typify the performance of Bell Sys- 
tem employees in the service of the public. 

“In the award of gold and silver medals, the Com- 
mittee has, with the greatest difficulty, selected from many 
worthy acts a few which from every point of view are 
conspicuous instances of this universal spirit, and has 
given consideration only to acts in the line of duty. 

“The many acts of heroism and self-sacrifice on the 
part of telephone people while not engaged in telephone 
service, and for this reason not given special awards by 
this Committee, nevertheless are inspiring proof that 
the loyalty and devotion to the public which was Mr. 
Vail’s ideal, finds expression in the daily life as well as 
in the work of the System’s employees. ”’ 
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Abstracts of Recent Technical Papers 
from Bell System Sources 


Thermionic Work Function of Tungsten,! by C. Davisson 
and L. H. Germer. The relation between thermionic 
current and temperature known as Richardson’s Equation 
is derived by a thermodynamic argument. The failure 
of this argument in any one of several of its assumptions 
might lead to an incorrect estimate of the thermionic 
work function calculated from the b of Richardson’s 
Equation without necessarily effecting the appropriate- 
ness of the equation to represent the temperature-emission 
relation. Thus there is some theoretical importance 
attached to a direct comparison between values of the 
work function obtained from temperature-emission data 
and those obtained calorimetrically. 


The authors have carried out a careful experimental 
determination of b by both methods on the same sample 
of Tungsten and find a difference of 2.7% between the 
two methods, a difference believed to be greater than the 
probable error of the experiments. It is pointed out 
that if the thermionic energy of conduction electrons 
within the metal is taken to be zero instead of 3/2kT of 
the classical theory, the two values of the work function 
agree within the probable error of the measurements. 
Work done by the authors, subsequent to the writing of 
this paper, leads them to another explanation of the dif- 
ference which will be discussed in a later paper. 

A Method of Maintaining Small Objects at Any Temper- 
ature Between —180° C and+20° C,:by P.P. Cioffi and L.S. 
Taylor. By methods described in this paper, any small 
object may be maintained for many hours at a tem- 
perature which does not vary by more than 4 degrees 
within the range above indicated. The methods do not 
lend themselves to abstracting. 


‘Physical Review, Vol. 20, page 300, Oct. 1922. 


*Journal of the Optical Society of America and Review of Scientific In- 
struments. Vol. 6, page 906, Oct. 1922. 
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Passage of Hydrogen Through Quartz Glass,’ by J. B. 
Johnson and R. C. Burt. The rate of flow of hydrogen 
through quartz glass has been measured over the tem- 
perature range of 300° C to 900° C. Measurements 
were also made with nitrogen and argon. Perceptible 
diffusion starts with hydrogen at about 300° C and with 
nitrogen at about 600° C, and then in each case increases 
rapidly with the temperature. The volume of diffusing 
gas varies approximately inversely with the 3/2 power of 
the molecular weight which is in agreement with the 
view that diffusion occurs through very fine holes or 
tubes in the material. The increase of diffusion, how- 
ever, varies as the third or higher power of the temperature 
rather than as the square root of the absolute temperature 
which this explanation would require. Diffusion begins 
at the temperature at which structural changes are 
known to occur in crystallime silica and this fact suggests 
that the passage of the gas may result from a modification 
in the structure of the non-crystallime material. 

Physical Theory of the Electric Wave Filter by George 
A. Campbell. The electric wave filter is one of the most 
important of present day electric circuit developments. 
It makes possible the separation of broad bands of fre- 
quencies into narrow bands in any desired manner, effect- 
ing the separation much more sharply than tuned cir- 
cuits. The filter stands beside the vacuum tube as one 
of the two devices making carrier current telegraphy and 
telephony practicable, and it also forms a part of every 
telephone repeater set. Moreover, it is finding many 
applications to radio. 

The present paper is the first of a series on the elec- 
tric wave filter to appear in the Bell System Technical 
Journal. Being an introductory paper, the author dis- 
cusses his subject from a physical, rather than mathe- 
matical point of view, the fundamental characteristics 
of filters being deduced by purely physical reasoning. 


‘Journal of the Optical Society of America and Review of Scientific In- 
struments. Vol. 6, page 734, Sept. 1922. 


*Bell System Technical Journal, Vol. 1, Nov. 1922. 
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Binaural Location of Complex Sounds,’ by R. V. L. 
Hartley and T. C. Fry. Much has been written on the 
binaural location of pure tones but the case of complex 
sounds has received little attention in recent literature. 
The purpose of the present paper is to bring the discussion 
of complex sounds abreast of that relating to pure tones. 

The paper virtually assumes that the location of 
complex sounds involves three processes, first, the resolu- 
tion of the sound into its component tones; second, the 
independent (generally subconscious) location of each 
separate component; and third, the formation of a con- 
scious judgment of the position of the source based upon 
the locations of the individual images. The greatly 
increased amount of data available when sound is com- 
plex has different effects on the final result, according as 
the different images do or do not coincide. If they do, 
the accuracy of location and the sense of certainty are 
increased; if they do not, confusion arises, subconscious 
corrections are called for, and the final result is likely to 
depend very considerably on the psychological processes 
and individual prejudices of the particular observer. 

The Heaviside Operational Calculus,? by John R. Carson. 
The art of electrical communication owes a great and 
increasingly recognized debt to Oliver Heaviside for his 
work in developing and emphasizing a correct theory of 
electrical transmission along wires and in particular for 
his insistance on the importance of inductance. His 
operational methods of solving the differential equations 
which are fundamental to the theory of electric circuits, 
although not widely known, are important. These 
methods are peculiarly applicable to many important 
problems of electrical transmission. 

Briefly, Heaviside’s operational calculus method is 
as follows: Problems in electric circuit theory are 
described by a set of differential equations involving the 


differential operator —; these differential equations are 


dt 
‘Bell System Technical Journal, Vol. 1, Nov. 1922. 
*Bell System Technical, Vol. 1, Nov. 1922. 
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reduced formally to algebraic equations by replacing 
the differential operator by the symbol p and by this 
expedient a purely symbolic solution is obtained. This 
symbolic solution is called the operational formula of 
the problem. 

In order to interpret the purely symbolic operational 
formula, Heaviside proceeded as follows: by direct com- 
parison of the operational formula of specific problems 
with their known explicit solutions he assigned a definite 
significance to the operator p. Thereupon, he obtained 
by induction generalized specific criteria or rules for 
solving the operational formula. 

The present paper, by attacking the problem from 
a different standpoint, shows that the Heaviside opera- 
tional formula is a shorthand equivalent of an integral 
equation from which the methods and rules of his opera- 
tional calculus are deducible. 

The Physical Characteristics of Audition and Dynamical 
Analysis of the External Ear,‘ by R. L. Wegel. This paper 
discusses some of the characteristics of the ear which 
have become important in the design and development 
of telephone apparatus and circuits. The field of audi- 
tion, bounded by the curves of minimum and maximum 
loudness as functions of frequency, has been determined 
for a large number of ears, and the smaller included area 
most used in speech has been mapped. The nature of 
these fields in certain cases of abnormal hearing has also 
been determined and the conditions which must be 
observed in designing apparatus to satisfactorily relieve 
deafness are discussed. 

The sensitivity of the ear is given in terms of the 
r. m. 8. pressure measured by a calibrated condenser 
transmitter. It is pointed out that this pressure is not 
necessarily equal to that which, when applied to the ear 
drum, would just give rise to the sensation of sound. 
However, it is the nearest approach to the value of this 
pressure which can be determined at present, and as the 
dynamical properties of the ear become more fully known 

1Bell System Technical Journal, Vol. 1, Nov. 1922. 
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it is shown how the relation between the two pressures 
can be more accurately stated. 

The Relation Between Rents and Incomes, and the Dis- 
tribution of Rental Values, by W. C. Helmle. Many parts 
of telephone plant,such as central office buildings and equip- 
ment, conduits, underground and aerial cable, at the time 
of installation must have the capacity to handle not only 
the immediate demand for telephone service, but also 
that for a number of years to come. In order to engineer 
such items of telephone plant economically it is necessary 
to know in advance as accurately as possible what the 
demand for telephone service will be five, ten, or twenty 
years in the future. Forecasts of the future market are 
very necessary for plant engineering, operating plans, 
rate treatment, and other purposes, in multi-central 
office cities. In such cities detailed estimates are made 
of the market some twenty years ahead and of its tele- 
phone development under stated rate conditions. Such 
estimates are called commercial surveys, and they involve 
a study of the various factors which, in the course of 
events, will be likely to control the industrial, commercial 
and residential development of the city concerned. 

In the course of such a survey, a rental classification 
of all families is obtained and at the same time a record 
is made of existing telephone service in each rental class. 
The rent data of this article have been gathered in rep- 
resentative large cities throughout the country and the 
results as here set forth are being used together with 
many other kinds of data to guide the engineering of 
future additions to the plant of the Bell Telephone System. 

In general the income of a family is an index of the 
market it creates for various commodities including 
telephone service. Rental values may also be considered 
as such an index and the present study seeks to correlate 
rents with incomes. Rents can be readily recorded and 
classified, whereas it is not feasible to determine the 
money incomes of large numbers of families. While it 
may be ideally possible, by a study of rent data, to com- 
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pare the inherent markets for telephone service and also 
the strength of the telephone habit in various cities, 
there are many practical limitations to such a procedure. 
Comparison of the residence market for telephone service 
in different cities, as determined by rent values, is made 
difficult by the fact that the variation between cities in 
rentals paid for substantially similar dwellings is con- 
siderably greater than the variation in prices for food or 
clothing. Further, there is considerable variation in 
rent levels even in different sections of any one city. 
Attempts to compare rent distributions by application 
of the usual statistical measures of dispersion and skew- 
ness have proved unsatisfactory. However, a method 
of charting has been found by which rent distributions 
may be readily compared with one another and an index 
of spread or dispersion determined. It has been found 
that cumulative curves of rent distribution may be 
plotted on logarithmic probability paper to yield straight 
lines for a large number of cities. These are called 
logarithmic skew distributions. Although it has not 
been found possible to assign any special significance to 
the particular value of the index of rent dispersion in any 
city, this index appears to remain practically constant 
for that city regardless of changes in the level of prices. 
In the appendix the mathematical features of the log- 
arithmic skew curve are discussed. 


Power Losses in Insulating Materials, by E. T. Hoch. 
It is shown that a satisfactory measure of power loss in 
a dielectric is the product of phase angle and dielectric 
constant. Although the dielectric constant need not be 
explicitly considered in the design of condensers, it is 
important in such cases as the design of apparatus panels, 
and vacuum tube bases. The method used in measur- 
ing phase angle and dielectric constant is discussed. 

Application to Radio of Wire Transmission Engineering; 
by Lloyd Espenschied. This article points out that 
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radio and wire communication systems are subject, fun- 
damentally, to the same general requirements, and its 
purpose is to develop for radio, points of view which are 
familiar to wire transmission engineers. The transmission 
characteristics over a wide range of distances are com- 
pared. For short distances the comparison is favorable 
to wires. Although over great distances, the attenuation 
of electric waves, guided by wires, may be greater than 
the unguided waves of radio, it is pointed out that at the 
present time intermediate amplifiers can be more eco- 
nomically applied in wire transmission than in radio to 
boost the message energy. Economy of transmission 
requires the handling of messages at as low an energy 
level as possible, and, as the author points out, wire 
transmission satisfies this requirement much better than 
radio. Referring to the transcontinental line with radio 
extensions, which was used recently to talk from Catalina 
Island in the Pacific Ocean to a ship in the Atlantic 
Ocean, it is stated that had all of the necessary energy 
been introduced at one end of the circuit, there being no 
intermediate amplification, the total power required 
would have been 1.8 x 10” kilowatts, an amount un- 
available in the world. In the actual system distribut- 
ing the amplification along the transmission line, the 
power required sums up to something less than 1 kilowatt. 

Interference between messages and extraneous dis- 
turbances is discussed, and the requirements involved 
in keeping message energy well above the energy level 
of the disturbances in both systems are pointed out. 
The limitations on two-way operation resulting from 
“singing” of the entire system are considered for both 
cases and for combination wire and radio circuits as 
well. The method of improving the efficiency of trans- 
mission by suppressing the carrier and one side band is 
discussed. Finally the factors involved in obtaining 
high grade quality of transmission are enumerated. 

A Low Voltage Cathode Ray Oscillograph,' by J. B. John- 
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son. A sensitive cathode ray oscillograph is described which 
operates at the low potential of from 300 to 400 volts. 
The electron stream comes from a thermionic cathode 
and is focused by the action of ionized gas in the tube. 
This gas, at a pressure of a few thousandths of a milli- 
meter, serves to reduce to 1 mm. diameter a spot which 
would be 1 em. across in a high vacuum tube: The 
sensitivity of the tube is such that the deflection of the 
spot is about 1 mm. per volt applied between deflector 
plates. When using magnetic deflection, a pair of coils 
4 cm. in diameter, placed on the sides of the tube produces 
a deflection of approximately 1 mm. per ampere-turn of 
the coils. 

The Theory of Probabilities Applied to Telephone 
Trunking Problems,‘ by E. C. Molina. For years, it has 
been known that light could be shed on many problems 
of telephone engineering by the application of prob- 
abilities. This has been particularly true since about 
1905, when the development of machine switching sys- 
tems arrived at a stage where the relative efficiencies of 
different sizes of trunk groups became of prime impor- 
tance. Machine switching developments, therefore, gave 
a great impetus to the application of the theory of prob- 
abilities to telephone engineering. This paper discusses 
certain simple trunking problems, reducing each to an 
equivalent dice problem, so that they can readily be- 
handled to a sufficient degree of approximation by well 
known probability methods. 

The Resolution of the Ka Doublet in the Powder Method 
of X-Ray Crystal Analysis, by L. W. McKeehan. Crys- 
tals of sufficient size give rise to diffraction images of the 
source of X-rays, which may be double in cases where 
two nearly equal wave-lengths are present. Two types 
of such doubling are distinguishable. In the first and 
more important type, the angular separation of the 
images is dependent only upon the difference in wave- 
length and the mean deviation. In the second type, 
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which is often the more conspicuous, the relative posi- 
tions of the source, sample, and photographic film are 
also of importance. The characteristics of both types 
are described and illustrated by photographs. The 
phenomenon permits very accurate measurement of 
wave-length differences and consequent determination 
of the fine structure of intense lines in the X-ray spectrum. 

The Crystal Structure of Potassium,! The Crystal 
Structure of Beryllium and of Beryllium Oxide,? The 
Crystal Structure of Silver-Palladium and Silver-Gold 
Alloys,? by L. W. McKeehan. The first two of these 
papers are short notes presenting the results of X-ray 
analysis on two elements not hitherto successfully 
examined, and on an oxide of one of them which occurred 
as an impurity of the metallic sample employed. Potas- 
sium is similar in structure to Sodium being built on a 
body-centered cubic space-lattice. Its crystal structure 
is only measurable at low temperatures. Beryllium and 
its oxide are of the same crystal types as zinc and its 
oxide. The lightness of beryllium and the simplicity of 
its electronic structure make the results particularly 
interesting to students of sub-atomic problems. The 
last of the three papers is concerned with the gradual 
changes in the space-lattice of a metal when another 
metal, soluble in all proportions in the first, is introduced. 
At least for the pairs studied so far, the changes in dimen- 
sions of the unit of structure are directly proportional 
to the amount of the second metal. Otherwise expressed, 
the variation in inter-atomic distance, measured between 
atom-centers, is linear in composition. Alloys of excep- 
tional electrical or mechanical properties vary slightly 
from this rule. The effects of annealing and cold work- 
ing are, in some cases, easily observed. 
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